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Hatcheries  released  9.3 mll I ion chinook salmon  and 6.3 mll I ion
steelhead  smolts  and  presmolts  uprlver  from Lower Granite  Reservoir  for
mlgratlon  In sprlng,  1984.

We operated smelt  monitoring  traps at Whitebird  from March 14 to May
12, Snake Rlver from March 22 to May 15 and Clearwater  from March 29 to
May 13. Peak passage of year I Ing chinook sa 1 man occurred  the th Ird week
In April at both Whitebird  and Snake River traps. Passage  of steel head
was still increasing  when  high water  stopped  trapping  in mid-May.

Median  migration rates  for branded chinook  salmon  between  release
sites and Whltebfrd  were 3, 17 and 15 miles/day  for Rapld River,  South
Fork Salmon  and Decker  Flat smelts,  respectively,  an average of 11.6
m 11 es/day. Average m lgrat  ion rate for these three groups
Whltebird  and Snake River trap was 28 miles/day.

between

between re I ease
Average  m lgrat ion rate

sites and Snake  Rlver (the head of Lower Granlte
Reservoir) was 13.2 miles/day  and from that point  on through  the reservoir
to the dam, 1.9 miles/day.

Salmon  Rlver discharge,
factors,

when  considered  along with  other environmental
had the greatest effect  on migratlon  rate of smolts  branded both

at hatcheries  and at the Whiteblrd  trap and migrating  to the head  of Lower
Granite  Reservoir.

Mlgratlon  rate for steelhead  released  from Dworshak  Hatchery  and
recaptured  at the Clearwater  trap was 34 miles/day.

Survival rates  to the Snake River trap of branded  chlnook salinon
smolts  released  at Hells Canyon Dam, Rapid River,  South Fork Salmon  and
Decker  Flat were 52%, 652, 68% and 35%, respectively.

Classical  descal  lng, where at least  40% of the scales  are misslng  from
at least  two of five areas on the side of a smol t, ranged from 0 to 5.3%
at hatcheries  for chinook  salmon  and was less than 1% for steelhead.
Descallng  rate often  Increased  about 1% at release sltes.

Classical  descal ing at Whitebird, Clearwater  and Snake  River traps
averaged  4.5,  2.5 and 1.5% for chinook  salmon, 2.1,  0.4 and 1.4% for wild
steelhead  and 8.7,  4.1 and 5.5% for hatchery  steelhead,  respectively.

Scattered  desca I I ng, where at least  10% of scales  are mlsslng  from at
least  one side of a f lsh,
descallng,

was al ways more extens Ive than was classical
ranging from 2.5 times greater for Clearwater  hafchery

steelhead  to 6.8 times greater  for Clearwater  wild  steelhead.

Mean total  I ength of chinook  salmon year1 lngs was the same at al I the
traps,  1 .e., 128 mm (117  mm fork length) + 1 mm. The largest  chinook
salmon  smol ts came from Dworshak  Nat ional F Ish Hatchery  on the Cl earwater
River. Hatchery  stee I head  were sma I I est (x = 203 mm) at the Clear-water
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trap and largest  (x = 239 mm) at the Whitebird  trap. WI Id steel head were
also smallest  at Clearwater  trap (x = 178 mn) and largest at Whiteblrd
trap (x = 193 mm).

Purse selnlng  to evaluate rates  of descal Ing before and after  smolts
passed  Lower  Granlte  Dam was largely lneffectlve  since we were unable to
catch sufficient  numbers  of smolts in the tailrace, and wlnds in the
forebay  area altered  descaling rates  in sampled  smelts.

Authors:

Richard  J. Scully
Fishery Research Biologist

Edw  In Buettner
Fish and WIldlIfe Technlcian
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I NTRCDUCT  I ON

The Paclflc  Northwest  Electric Power  Planning  and Conservatfon Act of
1980 (P.L. 96-501)  dlrected  the Northwest  Power Plannlng  Council (NWPPC)
to develop programs to mltlgate  for f Ish and wild1 Ife losses  on the
Columbia  River system resultlng  from hydroelectric  proJects.  Se&Ion 4(h)
of the Act expl lcltly gives the Bonneville  Power Admlnlstratlon  (BPA) the
authority and responslb  I I Ity to use its resources “to protect,  mltlgate,
and enhance  fish and wild1 lfe to the extent  affected  by the development
and operation  of any hydroelectric  proJect  on the Columbia  Rlver system.

Water storage  for hydroelectric generatlon  can severely reduce flows
necessary for downstream smolt mlgratlon. Thus, the NWPPC Col umbla River
Basin Flsh and Wildlife  Program proposed  a “water budget” for augmentlng
sprlng flows.

The water budget In the Columbia’s  Snake  River tributary  Is 1.9
ml I I Ion acre-feet  of stored  water for use between Aprl  I 15 through  June
15. To provide lnformatlon  on smelt  movement  prior  to arrlval  at the
I ower Snake R lver reservo  I rs, the Idaho Department of F I sh and Game,
through BPA fund lng, monitors  the da I ly passage  of smelts  at the head  of
Lower  Granlte  Reservoir  and 102 miles uprlver  at Whitebird,  Idaho,  on the
Salmon  Rlver. This lnformatlon  allows the dam operations  personnel  to
antlclpate  rlver discharge  needs  Into Lower Granite  Reservolr  and plan for
effective  passage or col lect  ion for transport  of smoits  arrivlng  at Lower
Granlte  Dam.

Additlonally, the IDFG smelt monitoring  proJect  collects data on
relative  species composition,  hatchery  vs. wlld  ratios,  travel time,
migrat  Ion rate, and smelt condltlon  relative  to scale loss. By monltorlng
smo I t passage  at the head and at the dam of Lower  Gran 1 te Reservoir,
mlgratlon  rates under  riverlne and reservolr conditions  can be compared
and determlned  under  varlous  environmental  condltlons. By having
mon ltor ing s ltes on both the Snake and Clearwater  arms of Lower Granite
Reservoir, the mlgratlon  tlmfng  of smelts  from each  dralnage  can be
determlned  lndlvldual  ly. Also,  the relative  compositlon  of hatchery  and
wlld  stocks of steelhead  can be determined  as wel  I as Information  useful
to document  the rebuilding of wild  stocks  which is being undertaken  in the
Fish and Wlldlife  Program and other  proJects.

Wlthln the short  life span of the smolt monitoring  program,  we have
yet to encounter a lower than normal  sprlng  runoff  as occurred In 1973 and
1977. We bel leve smelt  monltoring  wil  I be most  beneflclal  under such
conditions, as low flows wil  I slow the migration. In such  a year,
knowledge  of when  most  smolts have left trlbutaries  and entered Lower
Granite  Reservolr  will  allow water  budget managers  to make the most  timely
use of the Ilmlted  water  budget resource. Perfecting  the smelt monltoring
technique  In years prior to such  a low water  condition  will increase  the
probab I I lty that we can maximize  smolt survival  through water budget
management.

3
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During 1983,  the Initial year of smelt monitorlng,  we sampled  with  a
migrant  dipper trap In the Snake River downstream from the Snake and
Clearwater  rivers confluence  and a migrant  scoop  trap on the Salmon  River
near Wh iteb ird. We also tested  the applicability  of electroflshing  as a
smolt monitoring  technique  on stretches  of the Snake, Salmon and
Clearwater  rivers (Scully  et al. 1984).

Information  obtained  In the Initial year led us In 1984 to:

1. Again fish the Salmon  River  scoop  trap near Whitebird.
2. Move the Snake River dipper  trap above  the Snake-Clearwater

rivers confluence.
3. Install  a new trap at the head  of Lower Granlte  Reservolr on the

Clearwater  River.
4. Dlscontlnue  electroflshlng.
5. Purse seine above  and below Lower Granite  Dam.

The contlnulng  obJectIves  of the proJect  are to:

1. Develop  a technique  to Index the relative  abundance  of smelts
entering  Lower Granite  Reservoir throughout  the outmlgratlon
season.

2. Establ  Ish timing  and success  of outmigration  for the various
groups of hatchery-produced  and wild  chinook  salmon  and steelhead
smelts as they leave the Salmon  River drainage.

3. Establish  travel time from the Salmon  River Index site at
Whlteblrd  to the Index site at the upper end of Lower Granite
Reservoir.

4. Correlate  travel time with  river flows  from Index sites to Lower
Granite  Reservoir  and Dam.

5. Assist  In estimating  total flsh abundance  and collectIon
efficiency  at Lower Granfte Dam.

6. Determ I ne where, when  and to what extent  descal Ing occurs to
chinook  salmon  and steelhead  smolts  released from Snake River
hatcheries above  Lower Gran  Ite Dam and develop  management
alternatives  to reduce scale  loss.

Additionally, we used  a purse seine to evaluate descallng  rates on
smolts  before  and after they passed  Lower  Granite  Dam. This obJectlve  was
based on observatlons  In 1983 (Delarm et al. 1984)  of abnormally  high
descallng rates  at the dam (Little Goose) Immediately  downrlver  from Lower
Gran I te Dam.

Information  obtained  by thls proJect  Is Intended to assist  the Water
Budget Center  and Idaho’s  hatchery  and natural anadromous  flsh
emlgrat  ion. Hatchery  smolt release  sites and smolt  monltorlng  Index sites
are shown In Figure  1.

4
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Figure 1. Hatchery release sites, smolt traps, impoundments and river
sections relevant to the smolt monitoring  project in 1984.
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METtlOOS

Releases  of Hatchery-Produced  Smolts

We obtained  Information  from hatcheries  which release steelhead  and chinook
salmon  Juveniles  in the Snake  Rlver system upriver  from Lower  Granite  Dam. The
information  included  species,  number, time and location  of release  and the
Identlfylng  freeze brand If used. This al lowed  us to anticipate  the passage of
the various  release  groups and branded fish at downrlver  trapping  sites.

Srnolt MonItorInn  Traps

We stationed  two scoop  traps (Raymond  and Co llins 1 9741, one each  on the
Salmon  and Clearwater  r lvers, and a dipper  trap (Mason  1966) on the Snake  River
during the spring of 1984. Twice dally we removed smolts  from the trap for
examination, enumeration  and release to the river. We measured  and examined 150
chinook  salmon  and steelhead  smolts  (when  available)  for scale  loss during the
morning  and afternoon  sampl  Ing. Up to 2,000  smolts  were examined daily for
hatchery  brands and the remalning  catch was then counted by species and released.
Only smelts examined for scale  loss and brands were anesthetized  with  Tricain
Methane  Sulfonate  (K-222). These  fish were  allowed  to recover  from anesthesla
before  being released  to the river. To quantify  scale  loss,  each  stde of a smolt
was separated  into five zones and each  area was examined,  as shown  on the Juvenile
descal ing form (Fig. 2). A zone was considered “descal edn if 40% or more of the
scales were missing. if at least  two zones on one side of a fish were  descal  ed,
then the fish was considered  descaled. We often  refer to such  scale  loss as
nclassicalw  descaling to distinguish it from other  types of descallng. A f Ish was
considered  to have “scattered”  descal Ing if at least  10% of scales  were mlssing
from at least  one side of the flsh.

At each  trap, we recorded  water temperature  and turb Id Ity each  day using a
centigrade  thermometer  and 20 cm Secchl d Isc. The  U.S. Weather Service  provided
daily Information  on river discharge.

Whitebird  (Salmon  River) Index Site

We instal  led the Salmon  River scoop  trap one kllometer  below the mouth of
Whlteblrd  Creek (RM 52.6). The trapplng  slte was located on the outslde  of a bend
In the rlver Immediately  downriver  from a rock shelf, a location  which we believe
concentrates  downstream migrants both laterally and vertically makfng them more
suscept  ib I e to capture. River wldth  at this  point  Is about 70 m, and river depth
ranged from 2 m at 6,000  cfs to 5 m at 25,000 cfs. We operated  the trap from
March 14 unti  I May 12, 1984,  when  high water  forced terminatlon. We enlarged  the
rear drum screen d lameter  prior to the 1984 season  from 45 cm to 60 cm to reduce
loss of smolts  over the screen durlng river surges.

6
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TRAP JUVENILE  DESCALING  FORM (RECORDER 1
DATE SITE TIME SECCHI  DISC
Hz0 TEMP, 31 SCHPlRGE TOTAL CHINOOK TOTAL  STEELHEAD

TOTAL SOCKEYE TOTAL  YOY CHINOOK TRAP DOWNTIME  (HRs.)
BRAND USED DAILY NO. BRANDED NO, EXAM. FOR HATCHERY  BRANDS:
EFFICIENCY: STEELHEAD' CHINOOK

No, FISH CLIPPED: No, EXAM, FOR CLIPS: No, CLIPPED  RECAPTURES:

CH CH CH

SH SH SH
SW SW SW

REMARKS
RIGHT LEFT

6. SCATTERED 7. NE/HEAD INJURIES 8. DEAD

TOTAL FISH SAMPLED TOTAL FISH SAMPLED- - - - - - - - ----mm__
TOTAL DESCACED X DESCALED TOTAL DESCALED p. DESCALEDv-v - - - - - - me.

4OW DESCALING  (ABOVE BELLY) IN ANY SINGLE (1) AREA CONSTITUTES  DESCALIMG.

4Ny TWO (2) AREAS ON THE SAME SIDE RESULTS  IN FISH CLASSIFIED  AS DESCALED,

Figure 2. Form used to record smolt passage and descaling information.
Drawings show the five areas on each side of a smolt which are
considered independently  for scale loss.
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We freeze  branded smolts  at Whlteblrd  (Mlghel  I 1969) to use in
estlmatlng  travel tlme from the Lower Salmon  River to Lower  Granite
Reservo I r. We changed  the brand at three-day  lntervals  to document
changes In travel time as environmental  condltlons  changed. We branded
w lth 19 unlque marks  dur lng the 1984 trapplng  season. We branded 1,000
smelts dally when  f lsh were avallable  and catch was less than 3,000, and
up to 2,000  per day when  catch exceeded 3,000 per day. The rematnlng
catch was counted and returned  to the rfver.

Trap eff lc fency tests were conducted from late March untl  I mld Aprl I
by releaslng  marked smelts one kilometer  upriver  for later  recapture  at
the trap. The ratlo of recaptures  to marks  released  IS the estimate  of
trap eff lclency,  I.e., the fract  Ion of smelts  passlng  the trap which are
captured. Eff lclency  tests were not done after  mld-Apr  I I because r lver
surges washed  smelts  from the trap; thus,  eff lclency  est lmates  wou  I d have
been low.

Snake River Index Site

The Snake River mlgrant  dipper  trap, whfch was located  at Red Wolf
Crosslng Brldge below Clarkston,  Washington, durlng  spring  1983,  was
lneffectlve  as a smolt monltorlng  tool (Scully et al. 1984).
Consequent  I y, th Is trap was moved  to the Interstate  Br ldge on the Snake
River between  Lew lston,  Idaho, and Clark&on,  Washlngton, for the 1984
trapplng  season. We added add lt lonal  I eads  to increase the trap open lng
from 7.9 m to 12.2 m. Electrlcal  power  was provlded  by a 3,500 watt
gasoline-powered  generator  untll  mid-May after  which time a public  utlllty
electrical  line was Installed  at the trap. The  dlpper  trap was posltloned
about 40 m downstream from the Interstate  Bridge  and was attached  to
brldge  piers  by steel cables. The locatlon  Is at the head of Lower
Gran lte Reservof r 0.5 km above  the conf I uence  of the Snake and Cl earwater
r lvers. River wldth and depth at thls locatlon  were approximately  260 m
and 12 m, respectively.

Trap operation  began  March 22, 1984,  and term1 nated on May 15, 1984,
due to high river flow. Flows dropped enough  by June 10 to renew  trapping
operatlons  but only until  June  15, when  flow agaln  became  excessive.

To est lmate trap eff lclency, f lsh were marked  with  a caudal  f In cl lp
every fourth  day and released  5.5 km above  the Snake River trap. Flsh
examined for brands were also checked for caudal fln clips.

Clearwater  River Index Site

The  Cl earwater  River scoop  trap was lnstal  I ed 10 km upstream  from the
r lver mouth, about 4.5 km above  the head  of Lower Gran 1 te Reservo lr. The
r lver channel  at th I s locat Ion forms a bend and 1 s between  150 and 200 m
wlde and 4 to 7 m deep, dependlng on discharge.

8
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Trap operation  began  March 14, 1984,  but due to a sudden  dramatic
increase In discharge  that evening, the trap Incurred  structural  damage
and was not repaired  and operational  agaln untl  I March 29. Trap operation
continued  from that date until  May 13, when  high water prevented  further
trap use.

Trap ef f lc lency
season  by releasing

tests were conducted perlodlcally  throughout  the

several  occasions,
f In cl lpped smelts 7 km upriver  from the trap. On

trap for mark I ng,
when  not enough  fish were captured  In the Clearwater

f lsh were cauda  I f In c I lpped at the Snake R lver trap and
transported  to the Clearwater  River release site.
the trap were  examined for brands and fln clips.

Al I f lsh captured In

We used  the Statlstlcal  Analysis  System (SAS) computer software  at the
University  of Idaho to do stepwlse  multiple  regressions  to select  models
to describe  the influence  of several  ablotlc factors  on the variable
migration  rate (miles  per day). We d Id three  sets of regressions,  one for
hatchery  branded  smolts migrating  between release sites and the Whlteblrd
trap, a second  for hatchery  branded  smolts  mlgratlng  between  the Whlteblrd
trap and the Snake River trap and a third for a ser les of smolt  groups
which we branded and released  at Whlteblrd  then migrated  past the Snake
River trap.

Variables  considered  In calculating  the models were:

Day length  (DL) = the average number of hours of dayllght  per day
minus 12 hours during  the mlgratlon  Interval. The mlgratlon  interval
is the time  elapsed  between the date that 50% of the mlgrants  passed
the beglnnlng  location  until  50% of the migrants  passed  the ending
locat  ion.

Date = the number  of days after March 1 that hatchery  smolts were
based.
Year = 1983 or 1984 used as 1 or 2, respectively, In the analysis.

For the regressions  of migrations  between release sites  and Whitebird,
we also included the variables:

Salmon  River Discharge <Q> = the average dally discharge  In 1,000 cfs
at the Whitebird  gauge  during the mlgratlon  interval.

Sa I man River Temperature  (T) = the average dally water temperature  In
degrees C at the Whitebird  trap during  migration  Interval.

Salmon  River Transparency  (S) =
transparency

the average dally Secchi  disc
In meters of vIslblllty  of the Salmon  River at the

Whlteblrd  trap durlng  the mlgratlon  interval.

For the regressions  of migrations  between Whlteblrd  trap and Snake
River  trap we also included  the varlable:

Salmon  River Dlscharoe  (SmnQ) = the average dally discharge  In 1,000
cfs at the Whlteblrd  gauge  during the flrst half  of the migration
interval.

9
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Salmon  Rlver Temperature  (SmnT) = the average  da I ly water temperature
In degrees  C at the Whlteblrd  trap during the f lrst half of the
migration  Interval.

Sa I man R lver Transparency  ( SmnS) = the average  dally Secchl  disc
transDarencv In meters of vlslbl I lty of the Salmon River at the
Whitebird  trap during the flrst half oi the migration  Interval.

Snake  River Discharge  (SnkQ) = the
cfs at the Anatone  gauge  dur lng
lnterva  I.

average  dally discharge  In 1,000
the last half  of the migration

Snake  River Temperature  (SnkT) = the average  da1 ly water temperature
in degrees  C at the Snake River trap during the last half  of the
mlgratlon  period.

Snake  River Transparency  (SnkS) = the average da I I y Secch I d lsc
transparency  In meters of vlslbll  Ity of the Snake  River at the Snake
River trap during the last half of the migration  period.

Evaluating  Smolt Condition  at Hatcheries  and Release Sites

We examined 100 to 300 smol ts from representat  lve groups of ch lnook
salmon  and steelhead  trout at hatcheries  and again at release sites to
estimate the percentage  of smolts  having  significant  scale  loss. The
condition  of the smelts  was compared  with  that observed at index sites
along  the mlgratlon  routes.

Purse Seining

In 1983,  smolt descallng rates  were much higher In the collection
facility at Little Goose  Dam than at Lower Granite  Dam (Delarm et al.
1984). To determine  if smolts  were being descaled  as they passed  Lower
Granlte  Dam or as they entered the collectton  facility at Little Goose
Dam, we seined above  and below Lower  Granite  Dam to compare  descallng
rates. We wanted to differentiate  between spill- and turblne-caused
descal  lng rates  by first seining  below the dam when  al I water  passing  It
went through  the powerhouse, then seining  the same area after  spill  began,
to determine  the descallng  rate resulting  from a mix of spill  and turbine
passage. To calculate the descal lng rate of the spll  l-passed  f lsh when
descallng rate of turbine-passed  flsh Is known,  we would use the formula:

EIr; Lipll I (S) + $ Turbine  (T)
= mlxed descal lng rate

s = descallng  rate caused by spillway  passage
T= descallng rate caused  by turbine passage

and solve  for S.

10
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If different  regimes of spill and turb I ne d I scharge occurred,
descal  lng rates  could be determined  by using two sets of data and solving
the equations  slmul taneously  for both S and T. We would assume  that the
percentages  of smol ts In the seined samp I e wh lch passed  the dam v la the
spillway  and powerhouse would be proportional
discharge  pas$lng  these two routes.

to the percentage  of
However, the assumed  fract  Ion of

smolts  in the samples which passed  through the turbine would be adjusted
depending  on the efflclency  of the fingerling  bypass system.

RESULTS  AH) DISCUSSION

Hatchery  Releases

Chinook

Chinook  salmon  were reared at six hatcheries  In Idaho and two In
Oregon  for release into  the Snake River above  Lower Granite  Dam In 1984.
They were released  at n I ne I ocat ions in Idaho, one in Wash  lngton  and two
In Oregon. Ninety-two  percent  of these smolts  were  spring,  3.5% were
summer  and 4.6% were fall chinook  salmon (Table  1).

A total  of 9.3 million chinook  salmon,  80% more than in 1983,  were
released  in 1984. Releases  into the Salmon  River drainage  totaled
4,619,776  spring  chlnook  salmon  and 325,683  summer  chinook  salmon. There
were 1,605,OOO  spring  chinook salmon  released  Into the Clearwater  River.

Stee I head

into
(Tab
stee

In 1984,  6.3 mill  Ion hatchery-reared  steelhead  trout were released
the Snake River  system above  Lower Granite  Dam, 82% more  than In 1983

le 2). There were 1,730,804  “A” steel head trout  and 549,408  “B”
lhead trout released  In the Salmon  River drainage.

The  Snake  R lver system (He I I s Canyon, lmnaha  River,  Grande Ronde  River
and Asotln  Creek)  received  2,042,142 “An steelhead.

The  Clearwater  River received  1,961,370  “Bn steelhead  smolts.

Freeze Branded Smelts

Six groups of chinook  salmon  were branded at hatcheries  for release In
Idaho. Three of these were released  In the Sal man, one In the Snake and
two In the Clearwater  (Table 1). They made up 1.7%, 3.0% and 1.9% of the
hatchery  releases to those rivers,  respectively.

11
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Table 1. Number of Juvenile  chinook salmon  released  Into the Snake
River system upriver  from Lower  Granite  Dam between  fall,
1983 and summer,  1984.

--
Release  site

------
Re I ease Number released

(hatchery rearlnq) Race dates (branded) Brand Remarks

Salmon  River

Rapid River
(Rapid River)

Rapid Rlver
(Rapid River)

Deck& Flat
(M&al I)

South Fork
(M&al I

Pahslmerol  Rlver
(Pahslmerol)

Pahslmerol  River
(Pahslmerol)

Pahslmerol  River
(Pahslmerol)

Spring

Spr lng

Feb/Mar/84 1,791,650
(23,840)

Aprl l/84 1,454,540

Spring 3/27-29/84

Summer 4/9-l l/84

Spr lng 3/3/84

Spring 4/3/84

Summer 4/3/84

230,550
(33,930)
269,880
(25,560)
146,000

997,030

55,800

Snake River and non-Idaho  trlbutarles

Hells Canyon
(Rapid River)

Grande  Ronde  R.
(Looklngglass,  OR)

Lookingglass  Creek
(Lookingglass,  OR)

Lookingglass  Creek
(Lookingglass,  OR)

Lookingglass  Creek
(Looklngglass,  OR)

lmnaha  River
(Lookingglass,  OR)

lmnaha  Rlver
(Wal Iowa, OR)

Snake  R. at Grande
Ronde R. mouth, WA

(Hagerman NFH)

Clearwater  River

Red River
(Rapid River)

Red River
(Rapid River)

Mainstem (RM 40)
(Hagerman NFH)

Sprlng

Sprlng

Spring

Spr I ng

Spr lng

Spr lng

Spring

Fal I

Spring

Spring

Spr lng

3/20-21/84

6/14, 6/18
4, 7/17/84
12/22/83

4/5/84

7/ 12/84

4/5/84

3/20/84

6/5 8 6/13/84

12

1 O/ 12/83

4/16/84

5/8/84

500,850
(85,660)
734,180

779,560

29,920

243,540

29,060

29,170

427,191

260,000
(15,000)
40,000

(15,000)
185,860

RDJ-3

LDJ-3

LDJ-1

RDJ-1

Pre-smol  ts

Pre-smol  ts

LASU-2

LASU-4



Table  1. Continued.

Release  site
(hatchery rearlnq) Race

Clearrater  River konttnued)

Release Number released
dates (branded) Brand Remarks

Mainstem (RM 40)
(Hager-man NFH)

Clear  Creek
(Kooskla  NFH)

Clear  Creek
(Kooskla  NFH)

Mainstem (RM40)
(Kooskla  NFH)

North Fork
(Dworshak NFHI

North Fork
(Dworshak NFH)

North Fork
(Dworshak  NFH)

Clear  Creek
(Dworshak NFH)

Clear  Creek
(Dworshak  NFH)

Sprlng

Spring

Spring

Spring

Spring

Spring

Spring

Spring

Spring

5/30 a
6/l/84
3/19-21/84

3/26/84

3/19-20/84

10/3-4/83

11/2-3/83

3/19-4/4/84

3/26/84

4/4/84

233,990

190,600

47,100

90,400

43,860

31,320

260,520

169,790

51,710
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Four groups of branded hatchery  steelhead  were released  In Idaho
(Table  2). Two groups went to the Salmon  River and one to each  of the
Snake  and Clearwater  rivers. Branded steelhead smolts made  up 1.98,  1.0%
and 1.0% of the hatchery  steelhead  released  In these three  rivers,
respectively.

Addltlonal  ly, we branded 31,411 chinook  salmon  and 3,066  steelhead
trout smelts  captured at Whlteblrd  trap on the lower Salmon  River  (Table
3). Large numbers  of chinook  salmon  began arriving  March 22 and continued
to be available  until  late April after  which we were unable  to obtain  the
1,000 smolts dally at the Whitebird  trap; a number  that we believed were
necessary for branding  If adequate  numbers  were  to be recaptured  at the
Snake River trap. Although the steelhead migration  past Whiteblrd  began
in mid-Aprl  I, we were never able to capture  suff lc lent  steel head  to
provide  a large release group.

Smelt Monltorlna  at Migrant  Traps

Whiteblrd  Scoop  Trap

This trap operated from March 14 untl  I May 12 In 1984 and captured
43,860 yearling chinook salmon, 3,221 steel head and 3 sockeye  smol ts. We
examined 89% of the chinook  salmon  for hatchery  brands and 100%  of
steelhead  trout arrlvlng  at the trap.

Slgnlflcant  passage of chinook salmon  began In mid-March  and continued
until  about April 25 (Fig. 3). No significant  steelhead  passage  occurred
until  April 15 (Fig. 4). Peak passage for chinook  was during the interval
April lo-17 and for steelhead  after  April 20. Al though trap eff lclency
appeared to decrease  during the later weeks  of the season, steelhead  catch
remained relatively constant, indicating  that passage  was probably
Increasing  durlng thls period. As was the case In 1983,  the relatively
small  seasonal  catch of steelhead Is probably  attrlbutable  to steelhead
being larger and migrating  deeper in the water  column than chinook  salmon
and passing  the trap at a time when trap efficiency Is very low. Also,  It
Is believed that brand retention on steelhead  was only about 50% (Fred
Partr  I dge, IDFG, pers.  comn.). We exam1 ned 2,945 steel head  and observed
that 79% appeared to be of hatchery  origin and 21% were wild. Average
size of hatchery  steelhead  was 24% longer,  240 mm vs. 193 mm, and 90%
heavier  (U.S. Fish and Wlldllfe  Service)  than wild steelhead.

River  temperature  was near 5 C at the initiation  of sampling,  then
rose above  6 C on March 18 and made  a slow, erratic rise to near 10 C by
May 12 (Fig. 5). Secch  I d lsc transparency  ranged from 0.3 to 1.3 meters
and fluctuated  frequently  during the season (Fig. 6). River d lscharge
(Fig. 7) appeared positively  correlated  wlth  temperature  and negatively
with  transparency. Discharge  was lowest  at the initiation  of sampling
(7,500  cf s) and increased  to above  20,000 cf s on May 12 when  trapp I ng was
terminated.
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Table  2. Number of juvenile  steelhead  released  into the Snake River
system upriver  from Lower  Granite  Dam between  fall 1983 and summer
1984.

Release  site Re I ease Number released
(hatchery rearlnq) Race dates (branded) Brand Remarks

Sa.1 mon R I ver

Allison  Creek
(Magic  Val ley)

Slate Creek
(Magic  Val ley)

East Fork
(Magic  Val ley)

Decker  Flat
(Magic  Val ley)

Pahslmerol
(Niagara  Springs)

Pahslmerol
(Niagara Springs)

Little Salmon  River
(Hagerman)

Little Salmon  River
(Hagerman)

East Fork
(Hagerman)

Decker  Flat
(Hagerman

Decker  Flat
(Hagerman)

Decker  Flat
(Hagerman)

Hells Canyon
(Niagara Springs)

Hells Canyon
(Niagara Springs)

B 4/23/84

B 4/19-23/84

B 4/25/84

A 4/2-25/84

A 11/16-20/83

A 4/2-24/84

A 4/19-26/84

B 4/19-26/84

B 3/27-4/13/84

A 4/16-17/84

A 4/16-17/84

A 4/2-5/3/84

A 11/22-l  2/3/83

A 4/30-5/4/84

Snake River and non-Idaho  trlbutarles

Hells Canyon
(Hagerman)

Grande  Ronde River
(Wallowa, OR)

I mnaha
(Lyons Ferry, WA)

Grande  Ronde River
(Lyons Ferry, WA)

Asotln Creek
(Lyons Ferry, WA)

A 2/28-3/6/84 50,490

A 4/23-5/3/84 541,090

A 4/30-5/2/84 330,670

A 5/l -3/84 170,790

A 5/7/84 33,010

10,000

31,540

18,860

204,170

228,800

724,250

96,430

95,600

393,450

40,320
(21,150) LAJ-1
*39,760
(22,240) LAJ-3
397,080

449,070

408,430
(21,620)

Brands
RAJ-3 released

4/30
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Table  2. Continued.

Release  site Release Number released
(hatchery rearing) Race dates (branded 1 Brand Remarks

Cleat-water  River

Ma lnstem (R&IO)
(Dworshak  NFH)

South Fork
(Dworshak NFH)

Cl ear Creek

4/23-5/15/84 1,208,320 Brands
(19,970) RAJ-1 released

5/4
4/30-5/6/84 506,930

5/3-4184 246,120
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Table  3. Chinook  salmon  and steelhead  trout molts  freeze branded  at
Whlteblrd  trap In 1984.

Brand Rotation Date Chinook  salmon Steelhead  trout

RDE 1 3119-21 289 0
2 3122-24 3,338 3
3 3125-25 2,049 0
4 3128-30 1,040 1

LDE : 3/31-4/2 1,443 1
413-5 830 0

3 416-8 1,395 1
4 419-11 4,158 5

RAE 1 4112-14 5,105 2
2 4/15-17 4,463 25
3 4118-20 2,576 454
4 4/21-23 1,472 353

LAE 1 4/24-26 634 332
2 4/27-29 483 395
3 4130-512 550 369
4 513-5 626 254

RDK 1 516-8 383 311
2 519-11 287 291
3 5112-14 290 269

TOTALS 31,411 3,066
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Figure 7. Average daily river discharge in 1000 cfs at Whitebird trap, March 14 - May 12, 1984.



Snake River Dlpper  Trap

Thl s trap operated from March 22 unt I I May 15 and agaln from June  10
to June 15 and captured 55,900 yearling chfnook  salmon,  2,669 zero age
chinook  salmon, 1,890 steel head  trout (70% hatchery, 30% w 1 Id) and 49
sockeye  sa I mon. Thls catch was nearly  18 times that of 1983 when  the trap
was located  near Red Wolf Crossing Brldge. This year’s  catch was adequate
to document  the arrtval of chinook salmon  smelts  at the head  of Lower
Gran lte Reservoir. Enough  branded smol ts from hatchery  and Wh lteb It-d
releases were recaptured  to document  mfgratlon  rates  and travel time  both
above  and below the Snake River Index site. We recaptured  1,495 marked
chlnook  salmon  from four hatchery  branded  chlnook salmon  groups (total
release=169,000)  and no branded  steelhead  trout from three hatchery
branded steelhead  groups (total release=65,000).

Dally chlnook salmon  catches were decreasing  when  we began sampl  fng on
March 22 from about 1,400 smol ts per day to I ess than 500 on March 28
(Fig. 8). This probably  reflected  the passage of chinook  salmon  which had
been released  at Hells Canyon March 20 and 21.
chinook salmon April

The major  passage of
17-22 was associated  with  the first slgnfflcant

Increase  In discharge  from below 80,000 cfs to above  100,000 cfs. Dally
catch peaked  at near 8,00O/day  on Apr I I 18, and  by Apr 1 I 23, da1 I y catch
had fallen to less than 2,000. When the ma Jor runoff  began 1 n mld-May,
only a minor  increase  In chinook salmon  passage occurred. We were unable
to sample during  peak runoff.

Steelhead  trout began passing  the Snake River trap In sfgnlf  lcant
numbers  (more than 25 per day) with  the rise In discharge  which began
Apt-11 17, but the maJor  passage began In early May and continued  to
Increase until we stopped  sampling  on May 15 (Fig. 9).

Age zero chlnook  and sockeye  salmon were never sfgnfffcant  in the
catch (Figs. 10, 11). Both species began arrfvlng  dafly on April 30 and
continued  untfl sampling  terminated  May 15. When samplfng  resumed on June
10, however, the age zero chlnook were  larger and, presumably,  were
hatchery-reared smolts  released  near the Grande  Ronde  River on June  14.

Discharge  at the Snake River trap (Fig. 12) was adequate  for rapld
smol t passage the ent Ire season, never receding  below 70,000  cfs. Two
peaks occurred, the first on April 20 at 104,000 cfs and the latter  on May
31 at near 187,000 cfs (Scott Klser,  U.S. Weather Service, pers.  comm.).
We stopped operating  the trap May 15 when  discharge  reached  138,000 cfs.

Water temperature  (Fig. 13) was 8 C when  we began sampling  and slowly
rose to near 12 C on May 15. Secchf disc  transparency  (Fig. 14) stayed  In
a narrow range from 0.3 to 0.7 m during the entfre season. The greatest
transparency  occurred Just prior  to the mid-April  rise In discharge.
Transparency  decreased rapldly  from 0.6 to 0.4 m from April 17 to Aprfl
18.
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Figure 9. Daily catch of steelhead trout smolts at Snake River trap, March 23 - June 16, 1984.
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Clearwater  Scoop  Trap

We captured 3,660 chinook  salmon and 1,304 steelhead  (78% hatchery,
22% wild) from March 29 to May 13, 1984. The  short  season  and problems
controlling  the trap’s  traveling  screen hefght under  the Influence  of
Dworshak  Dam power-peaking  resulted  In a catch inadequate  for seasonal
smolt monltorlng.

Dally  chlnook salmon catches (Fig. 15) loosely  followed  the river
discharge  hydrograph  (Fig. 16) wlth  a peak on April 5, several  smaller
peaks In the fol lowlng  weeks, then a large peak on May 10 as the r fver
began Its maln rise. Dally  steelhead  catch (Fig. 17) was low untl  I May 5,
after  which It Increased. Erratic changes In dally catches  may reflect
the Influence  of numerous  releases  of hatchery  steelhead  during thls
I nterva I .

Water temperature  (F lg. 18) made a slow rise from near 5 C In late
March to 10 C on May 12. Dur lng most  of the season,  temperature
fluctuated  frequently  wlthln  a range of 6 C to 7 C.
(Fig.

Water transparency
19) ranged from 0.2 to more  than 2.0 m with  transparency  generally

low In April and more than a meter In early May.

Travel  Time and Mlaratlon  Rates

Release  Sites to WhItebIrd

Three groups of branded chlnook salmon, contaInlng  from 23,OOO’to
34,000 smelts  each, and two groups of branded steelhead  of 21,000 and
22,000 smelts each  were released  upriver  from WhItebird  trap. Of these,
518 branded chinook salmon  and no branded steelhead  trout were captured at
the Whitebird  trap.

Branded chinook salmon  were trucked to Decker  Flat (Salmon  Rlver) and
South Fork Salmon  River release sites on March 28 and April 10,
respect  tvel y. Branded chinook salmon  were allowed  to leave Rapld River
Hatchery  from late February, but observatlon  lnd lcated that the major
exodus occurred  on Apt-f I 1. Distances  uprlver  from Whftebfrd  for these
three  release sites are 332, 154 and 40 mfles, respectively. Branded  f fsh
from Decker  Flat began arrlvlng  Apt-II  8 and from South Fork Salmon  River
on April 18, but the median  passage date (April 191 was the same for both
groups (Table  4). Migration  rates for the three branded chinook  salmon
groups were 3, 15 and 17 miles per day for Rapid River, Decker Flat and
South Fork chinook  salmon, respectively. For each of these groups,  95%
conf  ldence  Interval  s around mean passage dates  were less than +l day and
two-thirds of each group passed  WhitebIrd  wlthln  12-14 day intervals (SD =
6-7 days).

Migratfon  rates  were more  rapld  for upriver  (Decker Flat and South
Fork Salmon  Rlver) releases ln 1984 than 1983 and were probably  influenced
by greater discharges  In 1984. This  trend  was not apparent for Rapld
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Table 4. Statistics  for branded  chlnook  salmon migrating  from Salmon River
dralnage  release sites past Whlteblrd  trap In 1983 and
1984.

Release  site

Mean
Mlarat  ion discharge  Q

Dates Rate No. brands Whlteblrd
Release  Arrival  Miles (ml/day)  In trap (1,000 cfs)

South Fork 4/l O/84 4/l 9/84 154 17.1 108 12.6

South Fork 4/5/83 4/23/83 154 8.5 134 7.0

Decker Flat 3/28/84 4/l 9/84 332 15.1 124 10.2

Decker Flat 3/29/83 4/29/83 332 10.7 57 9.5

Rapid River 41 I /84 4/13/84 40 3.3 286 8.8

Rapid River 3/25/83 414183 40 4.4 149 7.2

Pahslmerol 3/ 1 O/83 4/13/83 251 7.4 124 8.4
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River  releases,  but since  the exact time chinook  salmon  leave Rapld River
Hatchery 1 s unc I ear, travel time  from that hatchery  Is dlfflcult  to
est Imate.

We used  stepwlse multlple  regresslon  analyses to determi;: bLz;
relative  Influence  of several  abfotlc  factors  on mlgratlon  rate.
single  variable  model  contained  discharge  and had an R2 of 0.62. The  best
two vartable  model  added rfver  transparency  (R2 = 0.76)  and the best three
variable model  added year (R2 = 0.84). The models were significant  at the
0.036, 0.056 and 0.100 levels,  respectively. The  partial correlation  of
year In the three  variable model Is only slgnlflcant  at the 0.306 level,
however, and the most  useful  model  IS probably  that containing  discharge
(Q> and Secchl disc (S) transparency.

Rate = 8.55 S + 3.50 Q - 32.9, R2 = .76

This  analysis Indicates  that increasing  discharge  had the greatest
Influence  on lncreaslng  migration  rate and that lncreaslng transparency
also positively  affected  migration  rate, but to a lesser extent  than dld
d I scharge. Mlgrat  ton rates  were general  I y faster In 1984 than 1983,
posslbly  due to the fncreased  runoff  In 1984.

Conslderfng  the three observations (release  groups)  from 1984 alone,
discharge  Is agaln selected as the most  influential  varfable  on migration
rate, and the coefficient  and Y-Intersect  are slmllar  In magnitude to
those  of the above  equation  for discharge.

Rate = 3.38 Q - 23.8 R2 = 0.73

However,  the equatlon  Is slgnlflcant  only at the 0.345 level, probably
due to the I lmlted  number  of observations. The  camp I ete regress  ton
analysis  Is llsted In Appendlx 1.

Whltebird  and Hells  Canyon to Snake River Trap

We trapped 1,495 branded chinook salmon  smolts at the Snake  River trap
from the three Salmon  River  release groups described  previously  and one
group released  at Hells Canyon. About  half the brands came from the
latter  group.

Median mlgratlon  rates  for the branded groups ranged from 11 to 51
miles per day. The  slowest  mlgrators  belng  the Hells Canyon smelts  which
were entirely In the main Snake  River, were released  earl lest and migrated
at a time  when  dally discharge  averaged  81,000 cfs and ranged from 76,000
to 86,000 cfs (Table  5). Also these smolts inltlated  their  mlgratlon  at
Hells Canyon Dam and may not have begun migrating  Immediately. The  other
three  groups had migrated a conslderable  distance  prior to passlng
WhItebIrd. The most  rapld mlgrators,  those  from Sawtooth,  were  ln the
Snake  and Salmon  rivers when  average  discharges  were relatively  high,
104,000 cfs and 22,000 cfs, respectively. The two groups that migrated  at
Intermedlate  rates  were subjected  to Intermediate  river discharges.
Mlgratlon  rates  general  ly increased  as the season  progressed, as they d Id
in 1983.
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Another  trend seen in both 1984 and 1983 Is that chinook  salmon  smolts
migrate  faster between  Wh iteb ird and Lower Gran ite Reservoir than they do
above Whitebird. Once smelts  reach Whitebird  they are definitely  smelted,
and the season is later than when  they were  flrst released,  a factor which
general  ly corresponds  with  warmer  water  temperatures,  higher  d lscharge and
increased  turbidity,  all factors  which speed migratlon.

S.A.S.  was used  to do a stepwise  multlple  regression  (Appendix 2) of
abiotic factors  on mlgration  rate between Whltebird  and Snake River trap
for seven  hatchery  branded chinook salmon  groups (‘four  from 1983 and three
from 1984).

The  best single  variable  model  contained  day length,  however, the R2
was only 0.49 and the significance  level 0.08. Year was added to the
model  next, but this addition  made only minor improvement to the model  R2
and the correlation  was of very low significance,  0.56.

The single  variable model  is probably  the only one of relevance.  It
indicates  that within the time interval  that srnolts  have been released,
the later  they are released,  the faster they migrate.

Rate = 27.6 DL - 21.7 R2 = 0 . 4 9

When considering  the 1984 branded groups alone (n=3),  no significant
correlation resu I ts. The  single  variable  equation  is Snake River
temperature, and al though R* = 0.81 is relatively  strong,  the significance
level is 0.29.

Discharge  has not strongly  affected  the migration  rate at which
hatchery  branded smoi ts migrate  from Wh I teb Ird to the head  of Lower
Granite  Reservoir.

Unique stock differences  may have as much inf I uence  on migration  rate
as the abiotic factors  we have measured. In both 1983 and 1984,  sprlng
chinook  salmon  released  at Decker  Flat migrated much faster than the Rapld
River spring chinook salmon  and the South Fork Sumner  chinook salmon. No
conclusions  were evident.

Smelts Branded at WhItebIrd

In both 1983 and 1984,  we marked and re leased unique  brand groups at
W h l t e b i r d  f o r  r e c a p t u r e  a t  t h e  S n a k e  River  t r a p  a n d  L o w e r  Granite D a m .
There were nine groups in 1983 and 17 In 1984 from which we had returns  at
the Snake River trap. We did multlple regresslon analyses (Appendix 3) on
the groups using the same independent  var lab I es as described  In the
prevfous  section on hatchery branded smolts.

The  first variable selected by the regression  procedure  was Salmon
River discharge  which had a highly significant  positive  correlation  with
migration  rate although  the coefficient  of determlnatlon  a moderate  0.47.
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After Salmon  River discharge,  in order  of signfficance,  the procedure
selected  Salmon  River  temperature,  average day length  and date of
release. The  equation,

Rate -3.7 date + 1.6 SmnQ  + 4.1 SmnT - 77.4 DL - 74.4
(R2 = 0.691,

indicates  that smelts  move faster with  increased  discharge,  temperature,
later  release  date and with  decreased  average daylength. The negative
coefficient  for day I ength, however,  seems unreasonable. Variable
coeff  iclents for selected  equatlons  for one through  seven independent
variables  are given in Appendlx 3.

Considering  the 1984 data alone, Salmon River discharge  Is again the
first variable to enter  the model, followed  by Salmon  River transparency
and temperature. At this polnt, R2 = 0.91,  and all variables  are
significant  at nearly  the .Ol level or less.

Rate = 1.31  SmnQ + 8.88 SmnT - 32.8 SmnS  - 39.7
(R2 = 0.91)

When considering  both the above  two equations  together,  Salmon  River
discharge  then temperature  or transparency  most  strongly  affect  migratlon
rate. Change  in Snake River  variables  have much less effect. Possibly,
in years when Snake River discharge  is much less,  a stronger  relationship
will exist between discharge  and migration  rate.

Migration  rates of chlnook salmon between the Wh iteb I rd and Snake
River  traps appear  to be carrel  ated with  d lscharge In both the Snake and
Salmon  rivers when  examined graphically  (Fig. 20). Migration  rates ranged
from near 5 ml I es per day to greater  than 30 ml I es per day with  the most
rapid  mlgrations being associated  with  greatest  discharge. It also
appears  that smelts  migrate  more  rapidly  when  discharge  is fncreasing  than
when  it is decreasing.

Clearwater  River

Two lots each  of 15,000 branded spring  chinook salmon were released  at
Red River,  one in October, 1983;  the other  the following  spring  on April
16. We captured  23 of the fal I and 43 of the spring  release groups and
their  median  passage dates were April 23 and May 1, respectively. The
spring  released  smelts  traveled  an average  of 7.5 miles/day. Since our
sampllng  season  was truncated  both at the beginning  and end of the season,
thls estimate  may differ conslderably  from the actual  value.

Nearly  20,000 branded  steelhead  were released  at Dworshak  National
Fish Hatchery  on May 4. We captured  7 of these between May 5 and  May 8,
and the med  Ian passage date was May 5, one day after  release,  ind lcat  ing a
median  travel rate of 34 miles per day.

Because  we sampled  only part of the migratlon  season,  we did not
estimate a percentage  survlval for smoits at the Clearwater  trap. At
Lower  Granite  Dam, survlval  of the branded chinook  salmon  smelt  groups was
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13% and 23% for fall and spring  released  chlnook  salmon, respectively.
Travel time through  the reservoir for chlnook salmon  was 15 days and for
steel  head,  e lght days.

The  years Involved w Ith th Is study have been 1 nf I uenced  by above
average  preclpltatlon. Water entering  Lower  Granlte  Reservoir has been
amp  I e for rap Id movement  of smol ts from the head of Lower Gran  I te
Reservolr  downrlver  to the dam (Fig. 21). The Columbla  River flsherles
agencies  and tribes  have set 85,000 cfs as a mlnlmum acceptable  flow
during the water  budget season  (April 15 - June 15) (Columbia  Rlver
Flsherles  Council  19791,  and discharge  generally  exceeded thls In 1983 and
1984. Mlgratlon  rates and travel time will  likely dlffer considerably
when  a low water  year occurs such  as 1977,  when  discharge  at Lower Granite
Dam never exceeded 65,000 cfs durlng the sprlng runoff  season.

Trap Eff iclencv

Whltebird

We determlned  chlnook salmon  trap efflclency  from an equatlon,
E=2.825-0.1210,  where E=efflclency  and Q=average dally discharge  (In 1,000
cfs)  at the Whlteblrd  gauge. Thfs equation  Is based  on 55 observatlons  by
the Natlonal  Marine Flsherles  Service  between  1966 and 1968 and on four
observat  Ions by the Idaho Department of Flsh and Game In 1983. Durlng
1984,  we emplrlcally  calculated  trap efflclency flve tfmes,  and the
average value  was 1.24% (Table  5). The f Ive estimated  values  ranged from
52% to 105% of the values  predlcted  by the above equatlon.

Clearwater  River

We tested  trap efflclency  flve times  between April 4 and May 13 (Table
6). Rfver discharge  ranged from near 21,000 to 33,000 cfs durlng these
tests. Average  efflclency  for chlnook salmon  was 1.57%. A I lnear
regresslon  of ef f lclency  on discharge  revealed  almost  no correlation
between  these var lab I es w Ith slope and R2 be I ng near zero. Thus the mean
value was the best est lmate throughout  the range of d lscharge when tests
were done.

Snake River

We tested  efflclency  10 times  between March  24 and May 10 (Table  7).
Ef f Ic lency est lmates  ranged from 0.5% to 2.3% for chlnook salmon  and
d I scharge  ranged from 74,500 to 103,900 cfs. A regresslon  analysis,
however, lndlcated  no correlation  between these two varlables. Mean
eff Ic lency was 1.7%
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Table  5. Whlteblrd  trap efflclencles  for chlnook  salmon  smolts.

R/d'
95% conf. 95% llmlt as Discharge  Predfcted

Dates Efflclency interval % of estlmate (1,000 cfs) efflclency

3/21/-3/23 .0088 2/227 0.000-0.021 138 9.6 0.0166
412-415 .0154 3/195 0.000-0.0325 112 7.9 0.0187
4/6-4/8 .0127 41314 0.000-0.025 98 9.2 0.0171
4/10-4/12 .0173 22/1270 0.005-0.030 72 9.8 0.0164
4/13-4/17 .0080 11/1374 0.003-0.013 59 10.8 0.0152

1/R/M = number  of recaptured  marked  fish dlvlded  by the number  of marked  fish
released.

Average Efflclency  = 0.0124
SD = 0.004, N = 5
95% Cl = 0.007 to 0.0174
95% CL as percent  of estimate = 40%

Regressfon of Efficiency (E) on discharge  <Q>
E = 0.119
R2

- 0.0009 Q
= 0.03

Table  6. Clearwater  Rtver trap efflclencles  for chfnook  salmon smolts.

Dates
95% conf. 95% limit as Discharge

Efflcfencv R/M interval % of estimate (K cfs)

4/5-4/6 0.0096 4/418 0.000-0.019 98 20.7
4/21-4/22 0.0161 13/806 0.007-0.025 55 32.5
4/25 0.0061 3/489 0.000-0.013 117 30.5
5/2-5/3 0.0164 3/183 0.000-0.035 112 23.6
5/10-5/13 0.0309 14/453 0.015-0.047 53 26.5

Average efflclency  = 0.0158
SD = 0.0095,  N = 5
95% Cl = 0.004 to 0.0275
95% CL as percent  of estlmate  = 75%

Regresslon  of efffclency  (E) on discharge  (0)
E = 0.016 - 0.00002 Q
R = 0.0001
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C h i n o o k  salmon  trapping  efficiency  at the three  traps Is very similar
w i t h  mean estlmates  ranging  f r o m 1.2% a t  Wh iteb ird to 1.7% at Snake
Rlver. Fortunate1  y, this level of sampling  Is consistent  with  the
obJectIves  o f  t h e  proJect. Few steelhead  were avallabie  for efficiency
testing  and none of those marked were recaptured.

Survlval of ChInook Salmon

Based  on the average trap eff iclency  I isted in the prevlous se&Ion,
we estlmated  survlval  rates of hatchery  branded groups as they passed  each
trap (Table  8). Also,  we have llsted the survival  of these groups at
Lower  Granlte  Dam as estimated  from a National  Marine  Fisheries  Service
computer  prlntout of July 27, 1984.

At Whitebird, highest  survlval (83%)  was for Rapid River smolts.
South Fork and Decker  Flat smol ts had about 30% survival  each. However,
smol ts from these two groups were st I I I passlng  the trap when we stopped
samp I I ng so these are mlnimum estimates.

At the Snake River trap,
sa I mon was reduced  to 65%.

the surv lval estimate for Rapid River chinook
South Fork smolt survival  (68%)  was greater

than estlmated  at Whiteblrd  (34%). Due to the consistency of the
est lmates  of trap eff lclency  at Snake River,  survival  estimated  there is
probably  the most  accurate. There was llttle change In Decker  Flat smolt
survival  between Whiteblrd  and the Snake River trap. Smelt  survival
between Hells Canyon Dam and the Snake River trap was 50%.

The estlmate of survival  at Lower Granite  Dam for chinook salmon
smelts released  at Hel Is Canyon Dam was relatively  low (26%). However,
thls group was already passing  Lower Granite  Dam before  sampling  began on
April 1, so the estimate  Is undoubtedly  low.

S u r v  lval between the Snake River trap and Lower Gran I te Dam w a s
simllar  for both Rapld River and South Fork chinook  salmon. The surv lval
estimate for Decker  Flat chlnook salmon  dld not change between these two
Index sites.

We estimated  survlval  at the Clearwater  River trap of branded chinook
sa I man  re I eased  at Red R lver to be 10% and 18% for f a I I and spr I ng
re I eases, respectively. However,  many lndlvlduals  from the fal I release
may have passed  before  trap operation  began (March 29) and Irregular  trap
operation  may have biased  the estimates  further. However, surv Iva I
estimates  of these groups at Lower Granite Dam were also low, 13 and 23%.

Survival of Whitebird  branded chinook salmon smelts  to Snake R i v e r
trap and Lower  Granite  Dam were estimated  at 31% and 43%, respectively. A
palred comparison  t-test of 18 brand groups passing  the two index sites
showed  no s Ign I f icant  d If ference in the es-t  Imates, 37% be Ing the comb lned
average  survlval  at these two sltes.
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Table  7. Snake River trap efflciencles  for chinook salmon  smelts,  1984.

Dates
95% conf. 95% limit as D I scharge

Efficiency R/M Interval % of estlmate (K cfs)

3/24-3/26 0.0187 26/1388 0.011-0.026 39 83.5
3/28-4/2 0.0183 1 o/545 0.007-0.030 61 74.5
4/8-4/10 0.0051 3/589 0.000-0.011 112 77.1
4/12-4/16 0.0227 7/309 0.006-0.039 73 80.7
4/16-4/17 0.0112 9/806 0.004-0.019 65 91.5
4/19-4/21 0.0217 23/1061 0.013-0.031 41 103.9
4/24-4125 0.0098 8/812 0.003-0.017 69 101.0
4/28-5/l 0.0187 5/267 0.009-0.028 50 86.0
5/4-5/7 0.0223 4/179 0.001-0.044 97 80.7
5/g-5/10 0.0211 2/95 0.000-0.050 137 93.2

Average efflclency  = 0.0170
= 0.006, N = 10

i?& Cl = 0.013 to 0.021
95% CL as percent  of estimate = 26%
Regression  of efflclency  (E) on discharge  (Q>
E = 0.000003  Q + 0.017
R- 0.000

Table 8. Survlval rate estimates  for hatchery-branded  chlnook  salmon  at four
smolt  Index sites.

Re I ease
site

Percent  passlns
Number Cl earwater Snake  L. Granite

Brand released River Whitebird  River Dam

Hells Canyon RDJ 1 85,660 NA -- 52 26
Dam
Rapld River RDJ3 23,840 NA 83 65 46
S.F. Salmon LDJ 1 25,560 NA 34 68 48
River

LDJ3 33,930 NA 29 35 35
LASU2 15,000 10 NA NA 13
LAS&# 15,000 18 NA NA 23

l/Fall Release
lSprlng  Release

46



Descal  lng

Why Monitor Descal  fng?

In experiments  conducted by the National  Marine Flsheries  Service,
Park et al. (1982)  found that in a 30 parts  per thousand  seawater
challenge 5-day bioassay with  chinook salmon smolts,  although  only 6% of
their  test fish were descaled,  descaled  fish accounted for 37% of the
mortality in the experiment. Furthermore,  79% of the smolts  that were
descaied  d led.

They also found that smolts  transported  to below Bonneville  Dam from
uprlver  collectlon  dams and held flve days In fresh water,  suffered
slmilar mortal  ities relative  to descal ing. Although descallng  rates  were
17-20% among the experimental  fish,  75% of the mortalfty  occurring  waswith
descaled  f Ish. They concluded  that “descaling  has  an extremely  negative
Impact on the abllity of spring  chinook salmon  to survive.”

Furthermore, in experiments  at Lower Granite  Dam to measure  delayed
mortality among spring chlnook salmon  smelts,  Matthews (NMFS,  pert. conmn.)
found that after  25 days, all descaled  flsh had dled even though
examination  after the experiment  was complete  (16 days later)  demonstrated
that overall  mortality for smelts wlth  and without  descallng  was less than
5%.

These  recent  experiments  have confirmed  the bet ief that scale loss is
extremely  I ife threatenlng  to migrating  chinook  salmon  smelts,  especially
when  conslderlng  the additlonal  stress  of dam passage and/or transport.  .

Part of the smolt monltorlng  responslbiltty  Is to estfmate  descal  ing
rates  at index sites upriver  from Lower Granite  Reservoir. This can help
explain  smelt  losses prior  to Lower Granite  Dam, since many which are
descaled  early In their  migration  may not survive  to be observed at Lower
Gran I te Dam. Stocks from wh Ich these smol ts came may appear very heal thy
at Lower Granite  Dam since  the fraction of the population  which was
descaled  early In the migration  Is now  missing.

In 1983 we observed abnormal ly high descal Ing r a t e s  on large hatchery
smolts at Whitebird. We assumed  thls was the result of delayed scale  loss
resultlng  from pumping  and transport, a procedure  necessary to move smolts
from Hagerman  Valley hatcheries  to release sites along the Salmon  River.
To study this posslbll  lty, Partridge  (IDFG, pers.  comm.)  held rep1  icated
samples of pumped  and unpumped  steel head  smol ts at Hagerman  NFH for
several  weeks  and examined them weekly  to see if Increased  scale  loss
occurred. The  results  Indicated  there  was no Increase  In scale  loss
during the holding  period. However, much I ess scale  loss was observed
among large hatchery  steelhead  at Whlteblrd  trap in 1984 than In 1983,
also. Thus, we were unable  to determine  the cause of the high descal  Ing
rate of Salmon  River hatchery  steelhead  smelts  In 1983.
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Descaling  at Hatcheries  and Release Sites

Chinook  salmon. Descal ing rate of chinook  salmon finger1 ings was
estimated  at al I Idaho anadromous  fish hatcher  les except Pahsimerol  prior
to release and at release points  (Table  9). Classical  descaling ranged
from 0.0 to 5.3% at hatcheries  and 0.0 to 1.3% at release sites. The
highest  descaling rates  (4.3 and 5.3%)  occurred  in a Dworshak  NFH group of
chinook  salmon  which were Leavenworth stock released directly  from the
hatchery  into the North Fork Clearwater  River.

We bel ieve that fish with  scales missing  in a scattered  fashion may
be as unhealthy  as those which exhibit  classtcal  descallng. Scattered
descai ing at hatcheries  ranged from 0.3 to 34.0%  with  an average of
10.6%. Scattered  descallng at release sites ranged from 0 to 4.0% and
averaged  1.2%. Scattered  descaling  measured  at hatcheries  was higher than
at release  sites because several  groups with  high scattered  descaling
(34.0 and 23.3%)  were released  directly  to a river from a hatchery. The
hatchery  with the lowest  descai ing rate (M&al  I Hatchery) trucks  Its fish
to release sites while  the hatchery  wlth  the highest  descal ing rates
(Dworshak NFH) releases  the maJorlty  of Its fish directly  from the
hatchery. Those  groups of chinook salmon wfth  the highest  classical
descaiing also had the highest  scattered  descaling  rate.

Hager-man  NFH was the only hatchery  to release fall chlnook salmon.
Descal ing rate at the hatchery  before  transport  was 0.0% and at the
release  site 0.6%. Scattered  descaling  went from 4.1% prior  to transport
to 9.2% at the release site. These  smolts  were trucked about 400 miles to
the Snake R lver near the mouth of the Grande Ronde  RI ver. Release  site
rates  compared  favorably  to the 1.5% classical  descaling  and 29% scattered
descaling  rates of the Hagerman  NFH reared fall chinook salmon released  at
the same location  in June, 1983.

Steel head trout. Steelhead  trout were examined for descaling  at
hatcheries  prior to release and at release sites. Average classical
descal  ing at hatcheries  In 1984 was less than 1 .O% and ranged from 0 to
0.8% (Table  91, very simflar  to that seen  in 1983.  Classlcal  descaling  at
release sites was slightly  higher  than at hatcheries  (0.0 to 3.3%)  but
still  averaged  less than 1.0%.

Scattered  descallng  ranged from 1.0% to 6.7% at hatcheries  and
averaged  2.7%. Scattered  descal ing of stee I head  at release  sites was
sl lghtly higher, averaging  3.9% and ranged from 0 to 9.3%. Scattered
descaling  was similar  to that found In 1983 except Dworshak  NFH showed
much lower levels this year. in 1983,  scattered  descal I ng at Dworshak  NFH
ranged from 14 to 49.3% and averaged  30.5% compared  to 2.3% this year.
Eye and head  InJuries  varied I ittie between hatcheries  and release sites
(1.8 and 2.2%, respectively).
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Table B. Hatchery and release sits descaling dab’ 1984.

SAMPLE TOTAL TOTAL MEAN S = SCATTERED DESCALING
DATE FISH PERCENT LENGTH STANDARD T = WATER TEMPERTURE
1984 SAMPLE LOCATION RACEWAY HATCHERY SPECIES SAMPLED DESCALING (mm) DEVIATION HEAD = EYE/HEAD INJURY

4/4 Hagerman NFH. HP54 Hagmmn ‘A’ WHD 300 D 267 356 82.3% M4.5 c
eeae

4% Decker Flat6 Hoganan ‘A’ SlHD 150 0.7 257 36.6 84dY Haad=l .3X Dsad3dX T= D C

erSD Hagarman NFH 68.73 Hagrman ‘A’ BTHD 410 0.5 268 486 sa.D% Ttl4.S C
74.78

6/l Dmkmr Flat8 Hapman ‘A’ 8lHD 15D D 268 48.5 833% Head=l9% T3B.S C

W27 Hagerran NFH 30-84
88,88

Hagoman ‘B’ STHD 3DD D 216 34.1 S4.W Hrad=l.3% M5.D C

$ 3/2B E. Fork Salmon River Hagoman ‘B’ WHD 150 D 216 34.1 6=l.3% Head=l,3% Tr8.D C

MD Hagornan NFH

Ull bat firk Salam

81’02 Hagaman ‘B’ 8lHD 410 D 222 30.2 H.W Head* .6x Tp14.6 C
8ElDD

Hafprman ‘B’SlHD -160 li9 222 30.2 84.0x HwM .3X Daad4ldX T38.5 C

446 Hagernan NFH 49rmr HaOmman ‘ASB’ BlHD 410 0.8 20 278 6a.w Headd.3% Daad=O.3% M4.5 C
87

U/es Hazard Cr. L. Salmon Howman ‘A&0’ SIHD 160 2.D 24D 27.9 84.7% Hmad=l.3% Dmad=l.3% Ta.0 C

4’19 SLata Creak Hag8man ‘B’ mm 3DD D eo 28.1 m.D%

Wl2 Hagerurn NRi

Wl3 l3rmda Fbndm

SrlDe Hmgemmn Fall Chin 270 D w - 8=4.1x T4S.D C
11 (#an Length calcul~tad  fra #ll61

Hagamm Fall Chin .6DD OS 87 - aS.eX
[man length wloulatmd  fra #ll61



Table 8. Continued

SAMPLE TOTAL TOTAL M E A N 8 = SCATTERED DESCALING
DATE FISH RRCENT LENGTH STANDARD T = WATER TEMPERATURE
1804 SAMPLE LOCATIOIN RECEWAY HATMERY SPECIES SAMPLED DESCALING (mm) DEVIATION HEAD = EYE/HEAD INJURY

4’3 Magic Valley Hat. 34.4 kQiC VdLOy ‘A’ 8lHD 300 Da 2sB 43.7 sa.7% Head* .3X Td5.D C
4/4 Rckmr Flet bbglc Vallay ‘A SlHD 150 D 21 Q .7 se a% Head=D .7% T=2.D C

4’10 )Isglc Valley Hat.
4’11 Decker Flat

162 mgl c Val lay ‘A’ STHD 400 0.5 25 lp.7 m2.I Heada.sX M4.5 C
l&g1 c Val Lay ‘A’ 6lHD 150 13 258 42.7 84.7% Hmad=D .7% T32.D C

4/12 tiglc Valley Hat.
4’15 Decker Flat
W27 Rokar Flat
4’9 CkQLL Hatchery
4/B 6. Fork Salmon River

Nag1 0 VII Ley ‘A’ Bl’HD 410 0.5 258 98.0 m4.s Head=O.W
ngic Vallay ‘A’ SlHD 160 2.0 *7 ax Dmd=D .7%
NoCaLL Sp. Chin 300 D @Q.m: Haad4l.R T=5.D C
Ncclll 8~. Chin 300 D Ma% HaaBel .D%
McCall Su. Chin 300 D 84.W

Fl
4/l Niagara Springs Hat. 14 ffl agara ‘A’ S’ND 300 D 216 28.4 6=Q.W Haad=O.3% Tp14.6 C
4/2 Pahslmerol Ml rgara ‘A’ 6lHD 160 D W.7x hti a% T=7.0 C

4/8 Nlmgara Sptingcl Hat. 10
4/S Rhslmerol

Ni mgara
Nlawra

‘A’ SlHD 300 D 192 30s s+Q.a% Head=0.7% T=l4.D C
‘A’ 6IHD 160 D so Head=2.7% DaaH.D% T=6.D C

4/16 Niagara Springs Hat. 8 Nlsgara ‘A’ STHD QD D 224 36.0 @,3x Hmd=Q.3%

1V&B Nlagma Sprlngr
4124 Rhslmerol

8 Niagara
Niagara

‘A’ BTHD 400 D 220 35 SQ.3% Headd.3% TP14.S C
‘A’ 6THD 150 D 84.0% HeaM a% Deed=sa% T=BB c

-0 Niagara Springs Hat. 2
W 2  Hells Osnyon

Nlagara
MI agara

‘A’ BTHD
‘A’ 6lHD

400 D 220 50 54.3% Head=O.l T=l4.D C
160 ad 548% Daad=D .7X



Table 6. Continued

QANRE TOTAL TOTAL MEAN 6 = SCATTERED DESCALING
DATE FISH PERCENT LENGTH STANDARD T = WATER TEMPERATURE
lQQ4 SAMPLE LOCATION RECEWAY HATCHERY SPECIES SAMPLED DESCALING [ml DEVIATION HEAD = EYE/HEAD INJURY

55 Niagara Springs Hat. 1 Niagara 'A' STHD 410 0.5 232 48 69.W Heed=l.Q% Ts14.5 C
D/4 Helle Qnyon Nlasera 'A' QTHD 1DD id =.7% Heada .s%

WlQ Rpld Rlvar Hat. F&pld River Sp. Chin 380 D 12D 6 Q=D.3% Releaead into Rapid River Hat.
3/2D He116 tinyon Dam Repld Rlver Sp. Chin 266 id PD.6 C; Trans. Truck Tn8.D C; River -8 C

WV21 Kooakla NRI Kooakla 6p. Chin 112 2.7 188 16 Q=l.W; Releeaed Into Clear Creek

3/28 Kooekia Nt?l Kooakle Sp. Chin 114 0 157 2D SQS Head;Q.8%
3/P Kooakla NR( [Irorehak sp. &In 114 D 138 15 SD .6X Heed=3.Q% Kooakla stock ralaed

et I)rorehak IS released at Kooakla.
ul
r

4/2 LhorehakNFH

4'2 IkrorehakNFH

14 Rorrhak Sp. I;hln 300 6a 157 10 w4.0% Head=2.7% Racmey 14 Lavemorth
atook ralaaaed N. Fk. Cleanetar TIfi.5 C

7 t&or&ok Qp. Chin 3DD 4a 206 m -3% Heed=Q.3% ~oaay7Lave~orth
etook raleawd N. B. CLaamatar TM.5 C

4'24 LhorahakNFH 67. Drorrhak 'B' QTtm 325 Da 204 33 -.8x Releaa directly to nalnateu
83-87, CLaamater
es

Wl [Irorehak NRI Daorlhak ‘B’ SmD 15D 0 200 31 84.81 Haad=Q.7%
Wl Q. Fk. Claemater River borahak 'B' QTRD 132 0 6=6.7% HeaBQO.6% Deed=D.Q%
W2 Aerioen Rivar Ororahak 'B' SlHD 84 D W.1 Haad=l.6% M.0 C



Descaling at Fish Traps

Chinook salmon. Week I y descal ing rates  at Wh iteb I rd rose to between
6% and 7% In late  March and early April, then fel I to between 2% and 4%
through  mid May (Fig. 22). Descaling  rates  followed  the same seasonal
trend at the Snake River trap, but at a lower level,  as rates  ranged from
1.7% to 3.5%. The  ch I nook sa I mon descal  lng rate was lowest  at the
Clearwater  trap where weekly  rates  ranged from 0.5 to 2.4%. Seasona  I
descai  Ing rates  for chlnook  salmon  were 4.58,  2.5% and 1.5% forwhitebird,
Snake and Clearwater  traps,  respectively. Chinook  salmon descal  ing at
Whiteblrd  In 1984 was generally  higher than In 1983 when  rates  were less
than 2% from mid-March  until  mld-April  and then rose only to 4%.

Wild steelhead trout. Weekly descaling rates  at Whiteblrd  were
generally  between 0.5% and 4.5% with  no trend over time (Fig. 23). At the
Snake River  t r a p , rates  rose to near 3% twice,  but general  I y were less
than 1%. At the Cl earwater  trap desca I ing rate was zero for al I but one
week  when  it was 1%. Average seasonal  descaling  rates  were  2.1%, 1.4% and
0.4% for Whitebird,  Snake and Clearwater  traps,  respectively. There was
no change In descaling rate between  1983 and 1984.

Hatchery steelhead trout. Descaling  rate at Whltebird  was near 6%
from mid-April  to ear-ly May then rose to between 12% and 14% (Fig. 24).
Descaling  rates  were considerably  less at Whiteblrd  than in 1983. At the
Snake  River  trap the descallng  rate was high in late March, 33%, and early
May, 166, but these estimates  are from small  samples.  Large catches  began
the last week  of April, and  descaling  rates  durlng the following  three
weeks were  near 3%. During the last week of sampllng  (the thlrd week fn
May) the descallng rate rose to near 8%. Descaling  rate at the Clearwater
trap ranged from 2.2 to 13.3% with  a decreasing  trend from late April
through  the middle  of May.

Seasona  I average descallng  rates  were 8.7%, 5.5% and 4.1% for
Whiteblrd,  Snake  and Clearwater  traps,  respectfvely.

Multiple area descaiing. Approximately  901, 93% and 96% of chinook
salmon smoits  sampled  at Whiteblrd,  Snake River  and Clearwater,
respectively, were  not “descaled”  in any area (Table 10). About 4%, 3.4%
and 2% of the chinook salmon  smolts from Whitebird,  Snake River and
Cl earwater, respectively, had a single  area descaled. A very smai I
fraction  of the chlnook salmon  smelts  were severely descaled  (5 or more
areas) at Snake River and Cleat-water traps (0.4 and 0.15, respectively),
but 2.1% of the Whitebird  chinook  salmon  smolts were severely descaled.

Hatchery  steelhead  smelts  had no areas descaled in SO%, 88% and 94% of
the samples at Whitebird, Snake River and Clearwater  traps,  respectively.
Nearly  8% of hatchery  steelhead  at Whlteblrd  had a single  area descaled,
whereas hatchery  steel head at Snake River and Cl earwater  traps had near 4%
and 2% single  area descal Ing, respectively. Severe desca I Ing occurred in
only 1.6%, 1.0% and 0.5% of hatchery  steelhead  at Whitebird,  Snake River
and Clearwater  River,  respectively.
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Table  10. Percentages  of yearling chinook salmon,  hatchery  steelhead  and
wild  steelhead  smelts at Whltebird,  Snake River and
Clearwater  River traps with  descaling  in 1984.

Number of
areas descaled Whlteblrd Snake River

Yearlinn  Chtnook Salmon

Clearwater  River

0 90.4 92.8 96.2
1 3.9 3.5 1.8
2 2.4 2.0 1.1
3 1.2 0.6 0.4
4 1.0 0.6 0.4

5-10 2.1 0.4 0.1

Sample Size 14,034 12,286 2,842

Hatchery Steelhead Trout

0 80.1 88.4 93.7
1 7.9 3.8 2.1
2 5.7 3.3 2.5
3 2.7 2.3 1.7
4 1.8 1.3 0.7

5-10 1.6 1.0 0.5

Sample Size 2,341 1,187 850

Wtld Steelhead Trout

0 96.3 95.7 95.9
1 1.2
2 1.2 f l : 2.9

0.8
3 0.2 0:6 0.4

5-:o 0.5 0.7 0.2 0.2 0.0
0.0

Sample Size 601 494 241
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About 96% of w i Id steel head  at a I I three trap s ltes had no desca  I ed
areas. Single area descallng was significant  compared  to multlple  area
descal lng. Single  area descallng  was 1.2%, 2.4% and 2.9% at Whitebird,
Snake  River and Clearwater,  respectively.
at Whlteblrd,

Severe descal lng rate was 0.7%
0.2% at Snake River and dld not occur In the sample at

Clearwater  trap.

Classlcal descal ing. Classical descal ing was lowest  for wild
stee I head, highest  for hatchery  steel head,  and chinook salmon had an
intermediate  descallng  rate at all three  traps (Table  11). Also,  for al I
three  spec  les groups, classical  descal Ing Is lowest  at the Clearwater  and
hlghest  a t  the Whiteblrd  trap.The  lowest  desca I lng rate was for
Clearwater  wild  steelhead,  0.4% (N=241).

Other types of descai I ng. Scattered  descal ing for al I three species
groups and traps was in each  case greater than classical  descal ing,
ranglng  from 2.5 tlmes  greater for Clearwater  hatchery  steelhead  to 6.8
times  greater for Clearwater  wl Id steel  head. The overai  I mean rat lo was
4.8:1 for scattered  to classical  descallng  rates.

We consldered  a third descal ing classlf  ication, “two-area”  descal ing,
which includes  both classlcal  and scattered  descaling  together. Two-area
descal lng exists when the sum of the number  of areas on a f lsh which are
at least  40% desca led and the number of s ldes of a f lsh wh lch have
scattered  descal lng Is at least  two. Th I s type of descal I ng averaged  3.5
times  greater  than classlcal  descal ing. The  range In increase over
classical  descallng  across  traps and species  groups was 1.9 times  for wild
steelhead  to 4.4 times for chlnook salmon, both at the Snake Rlver trap.

The highest  rates  of two-area  descallng  were for hatchery  steelhead  at
Whlteblrd  (35%) and Snake  River (19%) and for chinook  salmon  at Whitebird
(16%). The  highest  seasonal  two-area  descallng  rate for wfld steelhead
was 7.5% at Whlteblrd  and was only 1.6% at the Clearwater  trap and 2.6% at
the Snake River trap. Hatchery  steelhead  suffered  at least five times  the
two-area  descalfng  rate as did wlld  steelhead.

Ciass ica i  desca l  lnq ra te ,  by length in te rva l .
smelts  separated  Into 20 mm lntervais

Desca I lng rates  of
lndlcate  that year1 ing chinook

salmon  larger than 160 mm are descaled  at a higher rate than are smaller
chlnook salmon  (Table  12). This Is especially obvious  at Whiteblrd  and,
to a lesser  extent,  at the Snake River trap.

Both hatchery and wild  steelhead  demonstrate I lttle change in
descal ing rate with  change in length  in 1984.  Hatchery  steelhead captured
at Whlteblrd  actually  showed  a lower descal lng rate wfth  increase In
length,  the reverse  of that observed in 1983.

In conclusion, hatchery  ch 1 nook sa I mon  and steel  head  had very low
desca I 1 ng rates  at hatcher  les and release s ftes, general I y I ess than l%,
but the rates  were higher  at flsh traps. Either  traps select  for f fsh ln

57

R9R2RSSM



Table  11. Percent classical,  2-area  and scattered  descaling at three
migrant  traps,  1984

Clearwater  River Snake Rlver Whlteblrd
Two Two Two

Class. areas Scat. Class areas Scat. Cl ass. areas Scat.

Chinook  Salmon
Year I I ngs

1.5 6.0 8.4 2.5 11.1 16.8 4.5 16.0 21.6

Steel  head
(Hatchery)

4.2 8.5 10.3 5.7 19.4 23.7 8.7 35.4 39.7

Stee I head
(WI Id)

0.4 1.6 2.7 1.4 2.6 4.4 2.0 7.5 9.9
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Table  12. Percent classical  descallng,  by 20 mm length  intervals for yearlfng
chinook salmon,  hatchery  and wild  steelhead  at Clearwater  (CW),
Snake  Rlver (SRI and Whiteblrd  (WB) traps,  1984.

Length
interval

81-100
101-120
121-140
141-160

161-180181-200
201-220
221-240
241-260
261-280
281-300
301+

Steelhead
Chinook  Salmon Hatchery Wild

CW SR WB CW SR WB CW SR WB

0.4 2.2
1.1 2.1 ::i
1.8 2.3 4.7
1.5 3.3 4.2 8.3 11.1 0.0

0.0 4.7 9.3 5.8 9: 13.04.0 5.3 16.7 5.1 4:6 7.0 ;:f
0.0 4.1 6.6 9.2 0.0

10.7 1.4 6.7 8.5 0.0 0.0 2.3
0.0 3.6 5.8 9.2 0.0 10.0

2.0 9.0
3.1 5.8

0.0
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poor health  or many hatchery  fish become descaled  prior  to arriving  at the
flsh traps. The ranges of average descal I ng rates  for ch inook sal man  and
hatchery  steel head at the three  traps were 1.5% to 4.5% and 4.1% to 8.7%.
respectively. Wild steelhead  descaling  rates  ranged from 0.4% to 2.1%.

Smelts  with  scattered  descaling and two-area  descallng  were 4.8 and
3.5 tlmes more common,  respectively,  than smolts  with classical
desca  I i ng. These  types of descaling  may be as damaging  to flsh as Is
classical  descallng and should be included  In the index to fish condltlon.

Length Frequency Distributions

Year1 ing Chinook  Salmon

Mean total  lengths  of yearling chinook  salmon  were essentially the
same at al I three traps (Table  13) at 128 (117  mm fork length) + I mm.
However,  the length  distribution  for Clearwater  chlnook salmon  was much
wider  and  skewed  towards  larger flsh than at the other  two traps (Fig. 25,
26 and 27). Whlteblrd  and Snake River trapped chlnook  salmon  were  93 to
94% between 100 mm and 150 mm, whereas only 83% of Clearwater  chinook
salmon  fell wlthin  this range and 5.5% of the Clearwater  chinook salmon
were 200 mm or larger.

Weekly mean lengths  of chinook salmon  at Whltebird  (Table  14) were
less than 120 mm in mid-March  then increased  slowly  to 135 mm through  the
rema 1 n I ng season. Mean lengths  at the Snake River trap were the same as
at Whiteblrd  for the time the former  was operating. Mean  length  at the
Clearwater  trap was 128 mm the fourth  week of March then increased  for two
weeks to near 150 mm. In late April, mean  I ength decreased  to 114 mm and
stayed  low untl  I the end of the season.

Hatchery  Steelhead  Trout

Mean total  length  of hatchery  steelhead  was smallest  at Clearwater
trap (203 mm) and largest  at the Whitebird  trap (239 nun)  (Table 13). Mean
length  of hatchery  steelhead  at Snake River trap was intermediate  (228 mm)
and had the largest  standard  devlat  ion, probably  a result ofmixed  stocks
from Hells Canyon,  Salmon,  Grande Ronde  and lmnaha  rlvers. Also,
pre-smolts  were  released  in Hells Canyon  in December  and would probably
migrate  at a smaller  size than most  hatchery  smolts. Most  hatchery
steelhead  (92-93%) were withln length  ranges of 170 to 240 mm at the
Clearnater  trap (Fig. 281, 170 to 270 mm at the Snake River trap (Fig. 29)
and 200 to 280 nnn at the Whitebird  trap (Fig. 30). There was no obvious
change in mean  lengths  as the mlgratlon  season  progressed.
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Table  13. Mean total lengths  (mm) of yearling chinook  salmon  and hatchery
and wlld  steelhead  smolts captured  at Clearwater,  Snake River
and Whlteblrd  traps.

Spec 1 es Locat  ion
Mean Standard

total  length deviation
Samp I e
size

Chinook  l’s Clearwater  River 120U
Snake River 129U

29 2842
17

Wh iteb 1 rd 127Li
12,287

17
Steel  head Clearwater  River

13,902
203 21

(Hatchery)
853

Snake River 228 33
Whitebird

1,190
239 25

Stee I head Clearwater  Rlver
2,342

179 20
(wild)

241
Snake Rlver 188 25 501
Whitebird 193 23 603

l/Fork length  for chinook  salmon  fingerllngs  = total length  times  0.915.

Table  14. Weekly mean total  lengths  (mm) of yearling chinook saImon.at
Clearwater,  Snake River and Whlteblrd  traps,  1984.

Weeks
(mid points) Clearwater  River Snake River Whlteblrd

3/11
3/18
3/25
4/l
4/8
4/15
4/22
4/29
5/6
5/13

128
145
150
120
114
116
113
120

120
125
126
134
136
133
134
1 3 5

115
118
120
123
130
134
134
125
130
135
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Figure 25. Seasonal length frequency distribution of yearling chinook salmon at Clearwater trap, 1984.
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Figure 29. Seasonal length frequency distribution of hatchery steelhead trout smolts at Snake
River trap, 1984.
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Figure 30. Seasonal length frequency distribution of hatchery steelhead trout smolts at Whitebird
trap, 1984.



Wild Steelhead  Trout

Wild steelhead mean  total lengths  differ  sl lghtly  between traps with
Clearwater  havlng the smallest  (179 mm) and Whltebird  the largest  (193
mm).

Most  (91-92%) wild  steelhead  were wlthin the length  range of 150 to
210 mm at the Clearwater  (Fig. 311, 150 to 220 mm at the Snake  River
(Fig. 32) and 160 to 230 mm at WhItebird  trap (Fig. 33). There was no
obvlous change  In mean  length  as the migration  progressed.

Purse Selnlng

Descallng  rate dlfferentlal  between Lower  Granlte  and Little Goose
dams did not occur In 1984,  thus our purse seine study served malnly  as an
evaluation  of smelt  condltlon  before and after  passing  a dam.

Weekly descallng  rate of chlnook salmon  smolts  at the head  of Lower
Granlte  Reservoir  (Snake River trap) ranged from 0 to 5% and was generally
between  2 and 3% (Table 15). This was slmllar to the descal Ing rates at
Lower  Granlte  Dam collection faclllty which ranged from 2 to 7% throughout
the season. Average chinook  salmon  descallng rate In Lower  Granlte
forebay  (purse seine data) ranged from 1 to 17%. Descal Ing at this
locatlon  was lowest  during April,  near 5%, and increased  as the season
progressed  (near 15% In May). We belleve  the Increased  descallng resulted
from abraslon  of smelts agalnst  the seine netting  during windy weather
which Increased  In frequency and lntenslty  as the season  progressed.

We began sampling  April 3 In Lower Granlte  forebay  and Aprll  9 In the
ta I I race and made 31 purse se Ine sets above  and 35 sets below the dam.
Average sample  sizes In these  locat  fons were 134 and 9 smolts,
respect  lvel y, as the rapldly  moving tallrace water  somehow  causes small
catch rates. The  further  we sampled  downrlver  from Lower  Granite  Dam the
slower the current  was and the I arger  the catches became,  but tal I race
sample size never became adequate. We tried several  suggested  sefnlng
techniques  as wel I as selnlng  both durlng the day and at nlght,  but none
proved  successful.

Descallng  rates observed In purse selne catches  from the Lower  Granite
tallrace  were  higher throughout  the season  than were  rates  elsewhere  In
the rlver.

We conclude that purse selnlng Is a good smolt sampling tool In the
forebay  of dams, but not In tallraces. To get an unb lased est lmate of
descallng  rate In the forebay, the water surface  must  be calm.
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Table 15. Weekly descallng  rates  of chlnook  salmon and steelhead  (hatchery
and wild  comblned)  smelts at three Lower  Snake River Index sites:
Snake  River trap, Lower  Granite  Dam and Llttle Goose  Dam and
in the forebay  and tailrace of Lower  Granite  Dam, 1984.

Lower Little
Above Granite BelOW Goose

Snake River Lower collectton Lower collectlon
Weeks Trap Granite facllltv Granite facflltv

CH.I/ ST./  CH. ST. CM. ST. CH. ST. CH. ST.

Apr 1-7
8-14

15-21
22-28
29-5

May 6-12
13-19
20-26
27-l

Jun 3-9

2.6 9.5 2.4 1.8
1.7 0 1.4 0 3.2 3.1

2.3 2; 7.8 5.2 3.23.6 2.3 1.4 6.5 :':,
2.6 3.0 7.6 2.4 3.5 1:9

2.3 3.7 12.7 4.9 5.23.5 6.8 17.4 11.2 4.4 ::z
3.4 3.3

13.1 7.2 1.9 3.6
15.8 6.8 2.6 2.0

3.9 1.0
3.8 0.3

2:::
4.1 3.5
6.1 1.3

3.9 7.3 1.6
8.3 1.6 10.0 2.1

23.9 5.6 12.7 4.3
5.0 3.9

40.0 50.0

l/CH = chlnook  salmon.
/ST = steelhead  trout.
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Figure 31. Seasonal length frequency distribution of wild steelhead trout captured at Clearwater
trap, 1984.
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Figure 33. Seasonal length frequency distribution of wild steelhead trout captured at Whitebird trap,
1984.



We monltored  condition  and abundance of hatchery-reared  smolts prior
to release Into Idaho r lvers and da1 I y passage of w I Id and hatchery-reared
smelts  at mlgrant  traps on the Salmon, Snake and Clearwater  rlvers  between
mld-March  and mld-May. Hatcheries  produced  9.3 mill Ion chlnook salmon and
6.3 ml I I Ion steelhead  smelts  for release Into the Snake River system above
Lower Granlte  Reservolr  for outmlgratlon  In spring  1984.

SIX groups of ch lnook salmon  and four groups of steel head  were  freeze
branded  at hatcheries  and released  In Idaho rlvers. One to three percent
of the hatchery  product  lon for each  of the Clearwater,  Snake and Salmon
r Ivers were branded. AddItIonally,  we branded 31,411 chInook  salmon and
3,066 steel head  at WhItebIrd.

We operated the Whitebird  trap from March  14 to May 12 and  captured
43,860 year1 lng chlnook salmon, 3,221 steelhead  (69% hatchery,  21% wild)
and 3 sockeye  smolts. Peak passage of chinook  salmon occurred April  10 to
17 and from April 20 onward  for steelhead.

The Snake River trap operated from March 22 until  May 15. We had
planned to flsh this trap until the end of June, but there were only five
days In June when discharge  was low enough  to al low trap operatlon. The
trap caught  55,900 year1 Ing chlnook salmon,  2,669 zero age chinook  salmon,
1,890 steelhead  (70% hatchery, 30% wild)  and  49 sockeye. A slgnlf lcant
catch of chlnook  salmon occurred  the day trapplng  began, as 500,000  sprfng
chinook salmon  had been released  In Hells Canyon two days earl  ler. The
maln chinook salmon  passage began Aprll  17 as rlver discharge  rose from
near 8 0 , 0 0 0  cfs to above  100,000 cfs.
chlnook salmon  on April 18.

Da I I y catch peaked  at near 8,000
Steel  head  began  passing  the trap with  t h i s

same rise In discharge  and continued  to pass after.we  stopped sampling  May
15. Sockeye and zero-age  chlnook salmon  entered the trap nearly  every day
after  April 30. D lscharge was abundant  the ent Ire season,  never dropp lng
below 70,000 cfs and peaklng  at 187,000 cfs on May 31.

The Clearwater  trap captured 3,660 chinook  salmon and 1,304 steelhead
(78% hatchery  and 22% wild)  durlng the March 29 to May 13 season. Trap
start-up problems and frequent  debris-bearlng  freshets  prevented  thls trap
from obtalnfng  adequate  catches.

Three groups of branded  chlnook salmon (23,000  to 34,000 each) and two
of steelhead  (21,000  and 22,000)  smolts  were released  uprlver  *from the
Whlteb ird trap. We captured  518 of the branded  chinook salmon  and no
branded steelhead  at the Whfteblrd  trap. Mlgratlon  rates  for branded
chlnook smelts from Rapld River, South Fork and Decker Flat to Whiteblrd
were 3, 17 and 15 miles/day  respectively.

We measured  the Influence  of Salmon Rlver discharge,  transparency,  day
I ength,  year and release date on mfgrat  Ion rate between re I ease s ltes and
Whlteblrd  and found that discharge,
had the greatest  effect.

and to a lesser  extent,  transparency,
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We- trapped 1,495 hatchery  branded chinook  salmon  smolts at the Snake
River trap which came from three  brand groups released  In the Salmon River
and one group released  In Hel Is Canyon. Median  migration  rates  for the
branded groups mlgrat  lng from the Wh lteb It-d trap and Hel I s Canyon Dam to
the Snake  River trap ranged from 11 miles/day  for the Hells Canyon release
to 51 miles/day  for the Decker  Flat group. D fscharge  was not strong I y
correlated  with migration rate of hatchery branded  smolts mlgratlng
between the Whlteblrd  and Snake River trap In 1983 and 1984. None of the
ablotlc  parameters  that we measured  were slgntflcantly  correlated  with
mlgratlon  rate of these hatchery  groups In this river section.

Mlgratlon  rates  between release sites and the head of Lower Granite
Reservoir  at the Snake  River trap for hatchery  branded  chinook  salmon
averaged  13.2 miles/day  and from this polnt,through  the reservoir, average
mlgratlon  rate decreased  to 1.9 miles/day,  a seven-fold  decrease.

In 1983 and 1984,  we marked  and released  a total  of 26 unique  brand
groups at Whitebird  for recapture  at the Snake River trap. Multiple
regression  analysis  of their  migration  rates  on the independent  variables
mentioned  above  Indicated  that Salmon  River discharge  and Salmon  River
temperature  were the first and second  most  Influential  variables  on
mlgratlon  rate. Varlatlon  In Snake  River discharge  and temperature  had
much less Influence  on migration  rate between the Whiteblrd  and Snake
River  traps. Mlgrat  Ion rates In this river section  ranged from 5 to 30
miles/day with  the most  rapid  rates associated  with  greatest  discharge.

Red River pond, on the South Fork of the Clearwater  River,  released
15,000 branded chinook  salmon  smolts fn the fal I of 1983 and again  In the
spr lng of 1984. The Clearwater  trap caught  23 of the former and 43 of the
I atter. The spring-released  smolts had a median  migration  rate of 7.5
miles/day. The  Cl earwater  trap al so caught  7 of 20,000 branded  steel head
re I eased  from Dworshak. Median  mlgratlon  rate for these smolts  released
on May 4 was 34 miles/day.

We evaluated  trap efficiency  by recovering  marked  smolts at the
traps. We est lmated eff Ic lency 5, 5 and 10 times  at the Whlteblrd,
Clearwater  and  Snake  River traps,  respectively. Average  efficiencies  for
these three traps were 1.24%, 1.57% and 1.705,  respectively. There was
I lttle correlation  between efflclency  and discharge  at the Snake and
Clearwater  River  traps.

Survlval rates of smelts  from hatchery  release sites  to the head  of
Lower  Granite  Reservoir  were estimated  based  on the fraction of released
branded smelts which were estimated  to have passed  the Snake River trap.
Survival estlmates  for Rapid River,  South Fork Salmon  River,  Decker  Flat
and Hells Canyon branded  chinook salmon smolts were 65%,  6812, 35% and
52%. Estimated  average survival  of Whlteblrd  branded  smelts was 31%;
however, since  these brands were more difficult  to detect  because of their
newness, the mean survival  estimate at Lower  Granite  Dam of 43% was
probably  a mlnlmum estimate  for survival  to the Snake River trap.

We monitored  scale  loss of smelts at hatcheries,  release  sites and
migrant  traps as a measure  of f Ish health  prior to and during mlgrat  Ion.
Classical  descallng, where at least  40% of scales  are missing  from at
least  two out of f lve areas on one side of a fish, ranged from zero to
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5.3% at hatcheries  for chinook  salmon  and was generally  less than 1%.
Scattered desca I I ng, where at least  10% of scales  are missing  from at
least  one side of a fish,  ranged from 0.3% to 346, but was general  ly less
than 5%. Descallng  rates  generally  increased  another 1% after  transport
to release  sites.

Classical  ‘descallng  of steelhead  was less than 1% at all hatcheries
and the maxlmum  recorded  at release  sites was 3.3%. The average descallng
rate at release sites was 0.7%.

Ch I nook sal rnon  desca I lng rates  at Wh lteb Ird rose to between 6 and 7%
In late March and early April, then decreased  to near 3% through  mid-May.
Descal lng rates  at the Snake River trap fol lowed  the same trend  but at a
I ower rate, ranglng  from 1.7 to 3.5%. Weekly descal lng rate for chinook
salmon  was lowest  at the Clearwater  trap, ranging  from 0.5 to 2.4%.
Seasonal  averages were 4.5%, 2.5% and 1.5% for the Whlteblrd,  Snake and
Clearwater  traps,  respectively.

Weekly descallng  rates  for wild  steelhead  ranged from 0.5% to 4.5% at
Wh lteb lrd, 0.5% to 3% at the Snake River trap and 0.0 to 1.0% at the
Clearwater  trap. Seasonal  averages for these  three  sites  were 2.11x,  1.4%
and 0.48,  respect  lvel y.

Weekly descallng  rates  for hatchery-reared  steelhead  ranged from 6% to
14% at Whitebird,  3% to 8% at the Snake Rfver trap (when large samples
were available)  and 2.2% to 13.3% at the Clearwater  trap. Seasona  I
descal Ing rates  for these three  sites were 8.7%, 5.5% and 4.1%,
respect  lvel y.

Scattered  descallng  for all three species groups and traps was In each
case greater than cl asslcal  descal lng, ranging  from 2.5 times  greater  for
Clearwater  hatchery  steelhead  to 6.8 times  greater for Clearwater  wild
stee I head.

Chinook  salmon smelts larger than 160 mm total  length  are descaled  at
h lgher  rates than are smaller  chinook salmon  whereas steelhead,  both
hatchery  and wild,  showed  no obvlous  change In descaling rate with  length.

A mean  fork length  of 117 mn (128 mm total  length) for yearling
chinook  salmon  was the same at the three trap sites. However,  there was a
larger percentage  of large  smolts at the Clearwater  trap than at other
traps. Mean  total  length  of hatchery  steelhead  was smal lest at the
Clearwater  trap (203 mm) and largest at the Whlteblrd  trap (239  mn).  Wild
steelhead  mean  lengths  mlrrored this relationship  at the Clear-water  (178
nnn) and Whlteblrd  (193 mn) traps.

Purse seln lng as a method to measure  smol t desca I Ing rates  before and
after passing  Lower Granite  Dam was not successful. We cou I d not catch
adequate  sample sizes below the dam and windy weather  caused the seine to
descale  fish,  especially  In the forebay. Add It lonal ly, the two proJects,
Lower  Gran  lte and L ltt I e Goose, reported similar  descallng  rates  so there
was little actual  difference  In descallng  rate to detect. In calm forebay
waters, large smolt samples were obtained  by purse seining  and descallng
measurements  were  probably  near that of the actual  populatlon.
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Appendix 1. Data set, programs and analysis for migration rate regressions of hatchery
branded chinook smolts released into the Salmon River and recaptured at
Whitebird trap.

DATA  HTCHTOWB  :
INPUT  RATE DL’TEMP  SECCHI  Q DATE  YEAR; CARDS;
10.7  1.45 08.5 1.4 09.5 26 1
09.0 1.45 08.4  1.8 07.0  36 1
04.5 0.70 07.8 1.5 07.2 26 1
07.8 0.46 07.1 1.5 08.4  10 1
03.1 1.16 07.9 0.9 08.8 32 2
15.1  1.18  08.1 0.9 10.2  28 2
17.1 1.53 09.0  0.8 12.6 41 2
PROC  STiPHlSE  DATA=HTCHTOWB;
MODEL  RATE=DL  TEMP  SECCHI  Q DATE  YEAR/MAXR;

P. TITLE MIGRATION  RATES FOR SALMON  RIVER  CHINOOK  SMOLTS:
’TITLei  BETWEEN RELEASE SITES AND WHITEBIRD(OBS=7);

DATA  FOUR:SET  HTCHTOWB:  IF YEAR=1  THEN  DELETE:
PROC  STEPirl  SE DATA=FOUk;
MODEL  RATE=DL  TEMP SECCHI  9 DATE/MAXR;
TITLE  MIGRATION  RATES:RELEASE  TO WHITEBIRD  1984(OBS=3);



M I G R A T I O N  R A T E S  F O R  S A L M O N  R I V E R  C H I N O O K  S M O L T S
B E T W E E N  R E L E A S E  S I T E S  A N D  WHITEBIRO(OBS=7)

M A X I M U M  R - S Q U A R E  I M P R O V E M E N T  F O R  D E P E N D E N T  V A R I A B L E  R A T E

S T E P  1 V A R I A B L E  9 E N T E R E D R S Q U A R E  = 0 . 6 2 0 3 7 4 9 8 C(P)  = .

REGRESSION
ERROR
T O T A L

OF

1

2

SUM OF SQUARES

9 8 . 9 9 2 3 4 9 2 3
6 0 . 5 7 6 2 2 2 1 9

1 5 9 . 5 6 8 5 7 1 4 3

MEAN SQUARE

9 8 . 9 9 2 3 4 9 2 3
12. 1 152444h

F PROB>  F

8 . 1 7 0 . 0 3 5 5

B  V A L U E ST0 E R R O R TYPE I I SS F PROB>F

I N T E R C E P T - 9 . 5 9 3 1 8 5 0 3
9 2 . 1 1 0 7 1 1 0 7 0 . 7 3 8 4 0 4 0 4 9 8 . 9 9 2 3 4 9 2 3 8 . 1 7 0 . 0 3 5 5

_____-_________--_-----------------------------------------------------------------------------------------------

T H E  A B O V E  M O D E L  I S  T H E  B E S T  1  V A R I A B L E  M O D E L  F O U N D .

S T E P  2 V A R I A B L E  SECCHI E N T E R E D R S Q U A R E  = 0 . 7 6 4 0 8 0 7 1 C(P) = .

DF SUM OF SQUARES MEAN SQUARE F PROB>  F

REGRESSION c 1 2 1 . 9 2 3 2 6 6 9 3 6 0 . 9 6 1 6 3 3 4 7 6 . 4 8 0 . 0 5 5 7
ERROR 3 7 . 6 4 5 3 0 4 5 0 9 . 4 1 1 3 2 6 1 2
T O T A L 6 1 5 9 . 5 6 8 5 7 1 4 3

B  V A L U E STD ERROR TYPE I I SS F PROB>  F

I N T E R C E P T - 3 2 . 9 3 9 8 8 0 7 1
SECCtl  I 8 . 5 4 7 2 3 7 2 9 5 . 4 7 5 7 1 0 1 9 2 2 . 9 3 0 9 1 7 7 0 2 . 4 4 0 . 1 9 3 6
9 3 . 4 9 5 5 0 1 9 9 1 . 1 0 0 2 6 9 8 9 9 4 . 9 8 8 5 9 6 7 8 1 0 . 0 9 0 . 0 3 3 6

________-__-__--_--_____________________-------------------------------------------------------------------------

T H E  A B O V E  M O D E L  I S  T H E  B E S T  2  V A R I A B L E  M O D E L  F O U N D .

S T E P  3 V A R I A B L E  Y E A R  E N T E R E D R S Q U A R E  = 0 . 8 4 3 1 7 2 4 1 C(P) = .

D F SUM OF SQUARES MEAN SQUARE F PROB>  F

REGRESSION
:

1 3 4 . 5 4 3 8 1 7 5 0 4 4 . 8 4 7 9 3 9 1 7 5 . 3 8 0 . 1 0 0 3
ERROR 2 5 . 0 2 4 7 5 3 9 3 8 . 3 4 1 5 8 4 6 4
T O T A L 6 1 5 9 . 5 6 8 5 7 1 4 3

B  V A L U E STD ERROR TYPE I I SS F PROB>  F

I N T E R C E P T - 6 6 . 2 5 9 3 4 8 3 1
SECCH  I 2 1 . 8 1 2 9 9 6 2 5 1 1 . 9 5 3 6 6 0 1 6 2 7 . 7 7 6 4 9 2 3 3 3*33- 0 . 1 6 5 5

:EAR 8.77059176 3.94749064 7.13Oh0218  1.09909952 lD7.60110814  12.62055056 12.90 1.51 0.0370 0.3063
_______________-_------------------------------------------------------------------------------------------------

T H E  A B O V E  M O D E L  I S  T H E  B E S T  3  V A R I A B L E  MODEL  F O U N D .



M I G R A T I O N  R A T E S  F O R  S A L M O N  R I V E R  C H I N O O K  S M O L T S
B E T W E E N  R E L E A S E  S I T E S  A N D  WIlITEBIRD(OBS=7)

M A X I M U M  R - S Q U A R E  I M P R O V E M E N T  F O R  D E P E N D E N T  V A R I A B L E  R A T E

S T E P  4 V A R I A B L E  D A T E  E N T E R E D R SQUARE = 0 . 8 5 3 8 2 3 7 2 C(P) = .

DF SUM OF SQUARES MEAN SQUARE F PROB>  F

R E G R E S S I O N
24

1 3 6 . 2 4 3 4 3 0 7 1 3 4 . 0 6 0 8 5 7 6 8 2 . 9 2 0 . 2 7 1 0
ERROR 2 3 . 3 2 5 1 4 0 7 2 1 1 . 6 6 2 5 7 0 3 6
T O T A L 6 1 5 9 . 5 6 8 5 7 1 4 3

B  V A L U E STD ERROR TYPE I I SS F PROB>  F

2

I N T E R C E P T - 7 4 . 3 5 9 2 5 4 9 0
SECCtl  I 2 5 . 3 8 4 5 7 2 0 1 1 6 . 9 5 0 2 0 1 9 1 2 6 . 1 5 6 7 7 6 1 8 2 . 2 4 0 . 2 7 2 9
ZAATE -0.07500517 4.17833052 0.19647771 1.43339169 99.09910748 1.69961321 0.15 8.50 0.7394 0.1003

YEAR 1 1 . 3 1 9 6 9 2 5 5 1 0 . 7 5 5 1 0 7 3 1 1 2 . 9 1 9 1 5 3 0 5 1 . 1 1 0 . 4 0 3 0
__-_-------___---------------------------------------------------------------------------------------------------

T H E  A B O V E  M O D E L  I S TtIE B E S T  4  V A R I A B L E  M O D E L  F O U N D .

S T E P  5 V A R I A B L E T E M P  E N T E R E D R S Q U A R E  = 0 . 9 0 1 1 8 8 1 8

DF SUM OF SQUARES

R E G R E S S I O N 5 1 4 3 . 8 0 1 3 1 0 1 0
ERROR 1 5 . 7 6 7 2 6 1 3 2
T O T A L i 1 5 9 . 5 6 8 5 7 1 4 3

B  V A L U E STD  E R R O R

I N T E R C E P T - 1 2 8 . 6 1 4 1 3 7 4 3
T E H P 9 . 0 5 4 8 4 5 6 7 1 3 . 0 7 8 5 3 8 2 4
SECCH I 2 6 . 5 6 6 6 ’ 2 9 9

2 . 5 4 1 8  3 3 7 1
1 9 . 7 8 2 4 2 0 6 2

Q 2 . 8 9 2 1 3 3 0 8
D A T E - 0 . 5 8 8 4 2 3 9 2 0 . 7 7 5 9 5 7 7 7
Y E A R 1 7 . 4 6 7 4 9 1 2 5 1 5 . 3 3 7 2 9 4 1 1

C(P)  = .

MEAN SQUARE F PROB>F

2 8 . 7 6 0 2 6 2 0 2 1 . 8 2 0 . 5 0 7 7
1 5 . 7 6 7 2 6 1 ’ 3 2

TYPE I I SS F PROB>  F

7 . 5 5 7 8 7 9 4 0 0 . 4 8 0 . 6 1 4 5
2 8 . 4 3 6 1 6 9 1 1 1 . 8 0 0 . 4 0 7 5
1 2 . 1 7 9 6 4 1 1 0 0 . 7 7 0 . 5 4 1 0

9 . 0 6 6 9 3 9 7 7 0 . 5 8 7 0
2 0 . 4 5 1 2 4 9 3 0 Zi 0 . 4 5 8 7-----------------------------------------------------------------------------------------------------------------

S T E P  5 Q R E P L A C E D  B Y  D L R S Q U A R E = 0 . 9 9 9 9 1 8 8 8 C(P) = .

D F SUM OF SQUARES HEAN  S Q U A R E F PROB>F

R E G R E S S I O N 5 1 5 9 . 5 5 5 6 2 7 6 6 3 1 . 9 1 1 1 2 5 5 3 2 4 6 5 . 3 7 0 . 0 1 5 3
ERROR 0 . 0 1 2 9 4 3 7 7 0 . 0 1 2 9 4 3 7 7
T O T A L

Ii
1 5 9 . 5 6 8 5 7 1 4 3

B  V A L U E S T D  E R R O R TYPE I I SS F PROB>F

I N T E R C E P T - 3 0 5 . 9 6 3 3 0 9 4 2
%P -18.21851171 33.98010013 0.39217235 0.39799914 27.93395866 94.35081868 2158.10 7289.29 0 . 0 1 3 7

SECCH I 3 9 . 5 0 7 9 6 4 1 4 0 . 6 6 9 7 0 5 7 6 4 5 . 0 4 6 5 8 4 5 9 3 4 8 0 . 1 8 EZ
D A T E - 1 . 4 1 3 4 0 4 5 3 0 . 0 1 7 3 0 3 7 2 8 6 . 3 6 0 3 5 8 8 4 0 :  0 0 7 8
Y E A R 3 5 . 7 0 4 3 6 9 3 7 0 . 5 3 5 4 4 7 0 6 5 7 . 5 5 3 3 0 7 7 8 :p;;;: ;: 0 . 0 0 9 5

__,,,--,,,,,,,-------,,--,-----------------------~-------------------------------------------------------------------
T H E  A B O V E  M O D E L  I S  TiiE  B E S T  5  V A R I A B L E  M O D E L  F O U N D .



MIGRATION  RATES  FOR SALMON  RIVER  CIIINOOK  SMOLTS
BETWEEN  RELEASE SITES AND  WlllTEBIRD(OBS=7)

MAXIMUM  R-SQUARE  IMPROVEMENT  FOR DEPENDENT VARIABLE  RATE

STEP 6 VARIABLE  Q ENTERED R SQUARE  = 1.00000000 C(P) = .

Df SUM Of SQUARES MEAN  SQUARE f PROB> F

REGRESSION 159.56857143 26.59476190 999999.99 0.0001
ERROR $ 0.00000000 0.00000000
TOTAL 6 159.56857143

B VALUE ST0 ERROR TYPE I I SS F PROB> F

INTERCEPT -301.85501402
DL -17.88851688 15.76726132 999999.99 0.0001
TEMP 33.29854312 ii 23.03968465 999999.99 0.0001
SECCH I 39.41677676 44.02271720 999999.99 0.0001
Q 0.10829789 x 0.01294377 999999.99 0.0001
DATE -1.38661117 24.46355520 999999.99 0.0001
YEAR 35.29531988 : 35.51526580 999999.99 0.0001

____________-___-__----------------------------------------------------------------------------------------------

THE ABOVE MODEL  IS THE BEST  6 VARIABLE  MODEL FOUND.
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Appendix 2. Dat!a set, programs and analysis for migration rate regressions of hatchery
branded chinook salmon smolts migrating between Whitebird trap and
Snake River trap.

OATA  HBTOLWH;
INPUT  RATE  SMNQ SMNT  SMNDISC  SNKQ  SNKT  SNKDISC  DL YEAR;  CARDS;

25.5 9.7 10.0 1.0 94.8 10.3 0.6 1.61 2
50.5 21.6 8.8 0.4 104.0 10.0 0.4 1.82 2
20.2 20.6 8.4 0.4 100.7 10.7 0.4 1.89 2
9.6 18.2 9.9 0.6 80.5 . . 1.20 1

35.3 14.9 9.2 0.7 79.1 . . 2.30 1
7.1 6.8 7.3 1.6 55.4 . . 1.30 1

21.1 6.1 7.1 2.1 49.5 . . 1.50 1
PROC STEPWISE  DATA=WBTOLWH;
MODEL  RATE=SMNQ  SMNT  SMNDISC  SNKQ  DL YEAR/MAXR;

TITLE MIGRATION  RATES FOR HATCHERY  CHINOOK  FROM WHITEBIRD;
TITLE2  TO LEWISTON:  1983 & 1984 COMBINED  DATA (OBS=7);

DATA  TWO;SET  WBTOLWH;IF  YEAR=3  THEN  DELETE;
PROC STEPWISE  DATA=TWO;
MODEL  RATE-SMNQ  SMNT  SMNDISC  SNKQ  SNKT SNKDISC  DL/MAXR;

TITLE MIGRATION  RATES  FOR HATCHERY  CHINOOK  FROM ;
TITLE2 WHITEBIRD  TO LEWISTON  IN 1984 (OBS=3);



M I G R A T I O N  R A T E S  F O R  ttATCHERY  C H I N O O K  F R O M  WHITEBIRD
T O  LEWISTON:  1 9 8 3  & 1 9 8 4  C O M D J N E D  D A T A  (OBS=7)

M A X I M U M  R - S Q U A R E  I M P R O V E M E N T  F O R  D E P E N D E N T  V A R I A B L E  R A T E

S T E P  1 V A R I A B L E  D L  E N T E R E D R  SQiJARE  = 0 . 4 8 5 8 6 3 8 9 C(P) = .

D F SIJM O F  S Q U A R E S MEAN SQUARE F PROB>  F

R E G R E S S I O N 1 6 5 4 . 8 3 2 0 7 9 5 4 4 . 7 3
ERROR

2
6 9 2 . 9 3 6 4 9 1 8 9 1 3 8 . 5 8 7 2 9 8 3 8

1 3 4 7 . 7 6 8 5 7 1 4 3

B  V A L U E ST0 E R R O R TYPE I I SS F PROB>F

I N T E R C E P T
DL 1 2 . 7 1 3 6 4 1 9 0 6 5 4 . 8 3 2 0 7 9 5 4 0 . 0 8 1 8

T H E  A B O V E  M O D E L  I S  T H E  B E S T  1  V A R I A B L E  MODEL  F O U N D .

S T E P  2 V A R I A B L E  Y E A R  E N T E R E D R S Q U A R E  = 0 . 5 8 1 2 0 9 8 4 C(P) = .

SUM OF SQUARES MEAN SQUARE F PROB>F

2 7 8 3 . 3 3 6 3 5 7 6 2 2 . 7 8 0 . 1 7 5 4
5 6 4 . 4 3 2 2 1 3 8 1 1 4 1 . 1 0 8 0 5 3 4 5

B

B ST0 TYPE I I SS F PROB>F

I N T E R C E P T - 2 8 . 6 3 7 9 3 4 0 9
D L 2 4 . 0 5 9 0 3 2 0 3 1 3 . 3 6 5 0 7 8 6 0 4 5 7 . 2 6 1 9 5 2 8 6 3 . 2 4 0 . 1 4 6 2
Y E A R 9 . 0 1 9 9 5 8 6 5 9 . 4 5 1 9 5 5 1 9 1 2 8 . 5 0 4 2 7 8 0 8 0 . 9 1 0 . 3 9 4 0

______________-_---_---------------------------------------------- -_----------_-----_----------------------------

T H E  A B O V E  M O D E L  I S  T H E  B E S T  2  V A R I A B L E  M O D E L  F O U N D .

S T E P  3 V A R I A B L E  S M N P  E N T E R E D R S Q U A R E  = 0 . 5 8 8 9 8 9 2 6 C(P) = .

OF SUM OF SQUARES MEAN SQUARE F PROB>F

R E G R E S S I O N 3 7 9 3 . 8 2 1 2 0 7 9 8 2 6 4 . 6 0 7 0 6 9 3 3 1 . 4 3 0 . 3 8 7 3
ERROR 5 5 3 . 9 4 7 3 6 3 4 5 1 8 4 . 6 4 9 1 2 1 1 5
T O T A L 6 1347.76a57143

B  V A L U E STD E R R O R TYPE I I SS F PROB>F

I N T E R C E P T - 2 8 . 5 5 1 0 9 7 9 3
SMNQ 0 . 2 4 1 6 6 0 2 2 1 . 0 1 4 1 3 9 4 2 1 0 . 4 8 4 8 5 0 3 5 0 . 0 6 0 . 8 2 7 0

EAR 22.99537629 7.82928771) 15.92693994 11.91107242 384.91390648 79.77926447 2.08 0.43 0.2445 0.5579
____-_--__--_-_-_------------------------------------------------------------------------------------------------

T H E  A B O V E  M O D E L  I S  TtlE  B E S T  3  V A R I A B L E  M O D E L  F O U N D .



MICRAT  ION  R A T E S  F O R  H A T C H E R Y  CIIINOOK  F R O M  W t t  ITEBIRD
T O  L E H I S T O N :  1 9 8 3  & 1 9 8 4  C O M B I N E D  D A T A  (OBS=7)

M A X I M U M  R - S Q U A R E  I M P R O V E M E N T  F O R  D E P E N D E N T  V A R I A B L E  R A T E

2

S T E P  4 V A R I A B L E  SMNDISC  E N T E R E D R S Q U A R E  = 0 . 6 3 6 5 5 4 9 6 C(P) = .

REGRESSION
ERROR
T O T A L

D F

z
6

B  V A I U E

SUM OF SQUARES

8 5 7 . 9 2 8 7 6 3 0 6
4 8 9 . 8 3 9 8 0 8 3 7

1 3 4 7 . 7 6 8 5 7 1 4 3

S T D  E R R O R

MEAN SQUARE

2 1 4 . 4 8 2 1 9 0 7 6
2 4 4 . 9 1 9 9 0 4 1 9

TYPE I I SS

F PROB>  F

0 . 8 8 0 . 5 9 4 8

F PROB>F

I N T E R C E P T - 6 5 . 9 7 8 0 3 4 4 8

SMNQ 1 . 4 6 5 5 8 7 7 6 2 . 6 6 2 1 8 2 3 7 7 4 . 2 2 8 7 4 7 6 7 0 . 3 0SMND I SC 1 4 . 4 5 4 4 3 6 5 2 2 8 . 2 5 2 6 1 1 6 3 6 4 .  1 0 7 5 5 5 0 8 0 . 2 6 :%
D L 2 5 . 1 6 5 1 9 7 2 4 1 8 . 8 2 6 9 3 3 4 3 4 3 7 . 5 8 8 1 8 1 8 7 1 . 7 9 0:3131
YEAR 9 . 6 9 5 5 4 3 9 6 1 4 . 1 9 4 6 6 4 9 4 1 1 4 . 2 6 6 2 9 5 7 2 0 . 4 7 0 . 5 6 5 1

S T E P  4 Y E A R  R E P L A C E D  B Y  S N K Q A  S Q U A R E  = 0 . 6 9 0 7 1 0 7 8

REGRESSION
ERROR
T O T A L

I N T E R C E P T
SMNQ
SMND I SC
SNKQ
D L

D F

z
6

B  V A L U E

SUM OF SQUARES

9 3 0 . 9 1 8 2 7 4 9 8
4 1 6 . 8 5 0 2 9 6 4 5

1 3 4 7 . 7 6 8 5 7 1 4 3

S T D  E R R O R

- 1 1 6 . 8 4 8 5 9 4 5 5
1 . 6 8 6 1 9 1 6 7

2 9 . 6 9 6 6 2 8 2 6
0 . 5 9 6 8 7 3 5 1

2 4 . 4 0 5 1 8 6 2 9

2 . 4 7 5 0 9 6 6 2
3 2 . 9 9 4 5 8 4 2 0

0 . 6 2 9 7 0 8 7 3
1 7 . 4 1 1 8 8 3 8 2

C(P) = .

MEAN SQUARE

2 3 2 . 7 2 9 5 6 8 7 5
2 0 8 . 4 2 5  1 4 8 2 2

F PROB>  F

1 . 1 2 0 . 5 2 2 9

TYPE I I SS F PROB>F

9 6 . 7 3 4 1 2 0 3 4 0 . 4 6 0 . 5 6 6 0
1 6 8 . 8 4 1 4 5 4 4 0 0 . 8 1 0 . 4 6 3 1
1 8 7 . 2 5 5 8 0 7 6 5 0 . 4 4 3 2
4 0 9 . 4 7 0 7 1 9 4 8 ::;i 0 . 2 9 6 1

T H E  A B O V E  M O D E L  I S  TIIE  B E S T  4  VARIAOLE  M O D E L  F O U N D .

S T E P  5 V A R I A B L E  Y E A R  E N T E R E D R S Q U A R E  = 0 . 7 6 8 1 2 3 7 1 C(P) = .

DF SUM OF SQUARES MEAN SQUARE F PROB>  F

REGRESSION 5 1 0 3 5 . 2 5 2 9 9 7 4 9 2 0 7 . 0 5 0 5 9 9 5 0 0 . 6 6 0 . 7 2 6 1
ERROR
T O T A L

i 3 1 2 . 5 1 5 5 7 3 9 4 3 1 2 . 5 1 5 5 7 3 9 4
1 3 4 7 . 7 6 8 5 7 1 4 3

B  V A L U E STD E R R O R TYPE I I SS F PROB>  F

I N T E R C E P T - 2 4 6 . 2 2 5 9 8 7 0 3

SMNQ 2 . 2 3 2 9 5 1 9 6 3 . 1 7 5 0 5 9 8 6 1 5 4 . 5 7 0 4 9 1 4 0 0 . 4 9SMND I SC 6 9 . 0 6 1 6 1 5 6 8 7 9 . 2 0 7 8 0 1 9 0 2 3 7 . 5 7 9 6 3 5 0 9 0 . 7 6 x*;:;;
SNKQ 2 . 3 1 8 9 5 7 1 5 3 . 0 7 8 5 3 7 9 3 1 7 7 .  3 2 4 2 3 4 4 4 0 . 5 7 0 :  5 8 9 0
D L 2 2 . 9 4 7 8 6 6 9 5 2 1 . 4 6 9 6 1 2 5 8 3 5 7 . 0 3 2 6 1 9 1 0 1 . 1 4 0 . 4 7 8 8
YEAR - 3 6 . 9 8 8 9 1 2 0 0 6 4 . 0 1 6 6 5 1 9 4 1 0 4 . 3 3 4 7 2 2 5 1 0 . 3 3 0 . 6 6 6 5

________________-------------------------- -----__----------------------------------------------------------------



S T E P  5 D L  R E P L A C E D  B Y  S M N T

M I G R A T I O N  R A T E S  F O R  H A T C H E R Y  C H I N O O K  F R O M  HIIITEBIRD
T O  L E W I S T O N :  1 9 8 3  k 1 9 8 4  COMOtNED  D A T A  (OBS=7)

M A X I M U M  R - S Q U A R E  I M P R O V E M E N T  F O R  D E P E N D E N T  V A R I A B L E  R A T E

R  S Q U A R E  = 0 . 9 3 3 0 9 4 7 6 C(P) = .

D F SUM OF SQUARES MEAN SQUARE F PROB>  F

1 2 5 7 . 5 9 5 7 9 0 9 9 2 5 1 . 5 1 9 1 5 8 2 0
9 0 . 1 7 2 7 8 0 4 4 9 0 . 1 7 2 7 8 0 4 4

1 3 4 7 . 7 6 8 5 7 1 4 3

2 . 7 9 0 . 4 2 4 6

B  V A L U E STD ERROR TYPE I I SS F PROB>  F

I N T E R C E P T - 3 4 4 . 8 2 2 8 4 3 3 0
SMNQ - 2 . 0 1 0 4 8 2 7 9 2 . 3 5 7 9 0 4 2 3 6 5 . 5 5 7 7 2 3 0 2
SHNT - 3 0 . 4 0 5 7 9 4 7 4 1 2 . 0 2 6 9 4 2 1 4 5 7 9 . 3 7 5 4 1 2 5 9
SMND I SC 1 4 2 . 7 8 4 0 9 2 9 9 5 0 . 8 5 4 1 7 9 5 2 7 1 0 . 8 5 6 2 9 1 7 6
SNKQ 9 . 9 8 5 8 7 1 7 2 3 . 2 8 4 3 3 0 7 8 8 3 3 . 5 9 2 2 0 8 2 4
YEAR - 1 9 7 . 2 5 8 9 5 7 1 2 6 9 . 0 8 6 7 7 4 4 9 7 3 5 . 1 2 1 4 4 6 1 9

0 . 7 3 0 . 5 5 0 5
6 . 4 3 0 . 2 3 9 2
1.08 0 . 2 1 7 8
9 . 2 4 0 . 2 0 2 3
8 . 1 5 0 . 2 1 4 5

T H E  A B O V E  MODEL  I S  T H E  B E S T  5  V A R I A B L E  M O D E L  F O U N D .

S T E P  6 V A R I A B L E  D L  E N T E R E D R  S Q U A R E  = 1 . 0 0 0 0 0 0 0 0 C(P)  = .

D F SUM OF SQUARES MEAN SQUARE F PROB>  F

REGRESSION 6 1 3 4 7 . 7 6 8 5 7 1 4 3 2 2 4 . 6 2 8 0 9 5 2 4 9 9 9 9 9 9 . 9 9 0 . 0 0 0 1
ERROR 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0
T O T A L 6 1 3 4 7 . 7 6 8 5 7 1 4 3

B  V A L U E STD ERROR T Y P E  I t  S S F PROB>  F

t NTERCEPT - 4 3 8 . 8 5 6 9 6 6 2 0

SMNQ - 6 . 2 8 8 4 6 7 1 8SMNT - 6 0 . 9 1 8 0 2 9 9 9 :
SMND I SC 2 1 7 . 4 8 8 7 8 5 4 0
SNKQ 1 7 . 8 0 5 8 3 4 1 5 :
D L - 3 1 . 3 7 7 5 2 1 2 9
YEAR - 3 6 0 . 2 1 4 3 2 6 7 5 0”

_-__---___-----_---_____________________----------------------------------

1 4 9 . 4 4 4 1 4 8 8 7
3 1 2 . 5 1 5 5 7 3 9 3
5 2 2 . 2 6 3 7 7 5 6 8
3 9 7 . 4 0 9 1 6 5 6 3

9 0 . 1 7 2 7 8 0 4 4
3 7 3 . 4 8 4 5 0 5 2 0

- - - - - - - - - - - - - - -

T H E  A B O V E  M O D E L  I S  fHE B E S T  6  V A R I A B L E  M O D E L  F O U N D .



x

W A R N I N G :

S T E P  1

4  O B S E R V A T I O N S  D E L E

V A R I A B L E  S N K T  E N T E R E D

R E G R E S S I O N
ERROR
TOlAL

M I G R A T I O N  R A T E S  F O R  tIATCtIERY  C H I N O O K  F R O M
WIIITEBIRD  T O  LEWISTON  I N  1 9 8 4  (OBS-3)

M A X I M U M  R - S Q U A R E  I M P R O V E M E N T  F O R  D E P E N D E N T  V A R I A B L E  R A T E

T E D  D U E  T O  M I S S I N G  V A L U E S .

R  S Q U A R E  = 0 . 8 1 7 5 0 3 0 6 C(P)  = .

D F SUM OF SQUARES MEAN SQUARE F PROB>F

1 4 2 8 . 1 4 8 1 5 3 1 5 4 2 8 . 1 4 8 1 5 3 1 5 4 . 4 8 0 . 2 8 1 0
1 9 5 . 5 7 8 5 1 3 5 1 9 5 . 5 7 8 5 1 3 5 1
2 5 2 3 . 7 2 6 6 6 6 6 7

B  V A L U E STD ERROR TYPE I t SS F PROB>  F

I N T E R C E P T 4 6 2 . 5 7 5 6 7 5 6 8
SNKT - 4 1 . 6 6 2 1 6 2 1 6 1 9 . 6 8 4 5 2 3 3 7 4 2 8 . 1 4 8 1 5 3 1 5 4 . 4 8 0 . 2 8 1 0________-_--__---_-----------------------------------------------------------------------------------------------

T H E  A B O V E  M O D E L  I S  T H E  B E S T  1  VARtADLE  M O D E L  F O U N D .

S T E P  2 V A R I A B L E  S N K Q  ENTEREO R  S Q U A R E  = 1 . 0 0 0 0 0 0 0 0 C(P)  = .

D F SUM OF SQUARES MEAN SQUARE F PROB>F

R E G R E S S I O N 5 2 3 . 7 2 6 6 6 6 6 7 2 6 1 . 8 6 3 3 3 3 3 3 9 9 9 9 9 9 . 9 9 0 . 0 0 0 1
ERROR 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0
T O T A L 5 2 3 . 7 2 6 6 6 6 6 7

B  V A L U E STD ERROR TYPE I I SS F PROB>  F

I N T E R C E P T 2 5 0 . 1 2 5 6 8 8 0 7
SNKQ 1 . 5 4 3 1 1 9 2 7 9 5 . 5 7 8 5 1 3 5 1 9 9 9 9 9 9 . 9 9 0 . 0 0 0 1
SNKT - 3 6 . 0 1 1 0 0 9 1 7 : 2 9 5 . 5 1 9 3 1 5 6 4 9 9 9 9 9 9 . 9 9 0 . 0 0 0 1

_____--_-----------_---------------------------------------------------------------------------------------------

THE A B O V E  M O D E L  I S  T H E  B E S T  2  V A R I A B L E  M O D E L  F O U N D .

N O  F U R T H E R  I M P R O V E M E N T  I N  R - S Q U A R E  I S  P O S S I B L E .



Appendix 3. Data set, programs and analysis for migration rate regressions of chinook
salmon branded at Whitebird, released and recaptured at Snake River trap.

DATA OURBRAND;
INPUT  RATE  YEAR  DATE  SMNQ SMNT  SMNDISC  SNKQ  SNKT  SNKDISC  DL;

CARDS;
09.2 2 20 08.4 06.6 0.48 076.1 8.1 0.35 0.34
14.2 2 23 09.6 06.4 0.49 077.7 8.0 0.33 0.39
06.7 2 26 08.1 06.6 0.93 074.8 8.5 0.48 0.68
05.9 2 29 08.0 07.5 1.06 078.5 9.1 0.54 0.86
07.8 2 32 08.3 01.8 1.01 078.7 9.1 0.57 0.98
07.2 2 35 09.2 07.8 0.86 085.5 10.0 0.54 1.18
16.8 2 38 09.8 07.6 0.71 079.8 9.0 0.58 1.22
14.4 2 41 09.4 07.8 0.93 085.4 10.5 0.54 1.38
20.2 2 44 08.8 09.1 1.03 094.8 10.3 0.47 1.50
50.5 2 47 13.9 10.8 0.75 099.5 10.0 0.40 1.64
50.5 2 50 21.6 08.8 0.38 102.5 10.0 0.40 1.79
50.5 2 53 17.3 08.9 0.68 100.5 11.0 0.45 1.95
33.7 2 56 17.4 08.1 0.68 096.0 9.5 0.40 2.10
10.1 2 59 13.0 07.7 1.06 080.8 10.4 0.45 2.35
07.2 2 62 12.4 08.3 1.06 105.0 11.6 0.42 2.54
10.1 2 65 12.4 08.8 1.19 101.9 11.6 0.49 2.65
20.2 2 68 12.1 09.2 1.20 097.8 11.5 0.48 2.69
17.7 1 37 06.8 07.7 1.80 067.2 1.24
11.8 1 41 06.3 07.5 2.02 051.2 :’ : 1.54
10.6 1 44 06.3 09.6 1.92 045.0 . . 1.72
17.7 1 47 05.4 11.3 1.83 043.2 . . 1.77
26.5 1 51 09.7 11.3 1.03 058.8 . . 1.92
17.7 1 53 15.4 11.0 0.70 078.5 . . 2.05
26.5 1 55 21.2 09.5 0.45 079.8 . . 2.12
35.3 1 58 17.9 08.0 0.65 079.3 .
21.2 1 62 16.4 10.0 1.10 090.8 . : vi;
PROC  STEPWISE  DATA=OURBRAND;
MODEL  RATE=YEAR  DATE  SMNQ SMNT SMNDISC  SNKq  DL/MAXR;
TITLE  MIGRATION  RATES  FOR WHITEBIRD  BRANDED  CHINOOK;
T I TLE2 1983-1984 COMBINED(OBS=26);

DATA  THREE;SET  0URBRAND;IF  YEAR=1  THEN  DELETE;
PROC  STEPHISE  DATA=THREE;
MODEL  RATE=DATE  SMNQ SMNT SMNDISC  SNKQ  SNKT  SNKDISC  DL/MAXR;
TITLE MIGRATION  RATES  FOR WHITEBIRD  BRANDED  CHINOOK  IN 1984;



M I G R A T I O N  R A T E S  F O R  W H I T E B I R D  B R A N D E D
1 9 8 3 - 1 9 8 4  COMBINED(OBS=26)

C H I N O O K

M A X I M U M  R - S Q U A R E  I M P R O V E M E N T  F O R  D E P E N D E N T V A R I A B L E  R A T E

S T E P  1 V A R I A B L E  S M N Q  E N T E R E D R  S Q U A R E  = 0 . 4 7 0 1 2 5 8 9 C ( P )  = 3 0 . 3 1 9 0 4 1 8 7

D F S U M  O F  S Q U A R E S M E A N  S Q U A R E F PROB>  F

R E G R E S S I O N
ERROR
T O T A L

2 2 1 4 . 3 5 8 0 5 3 7 2 2 2 1 4 . 3 5 8 0 5 3 7 2
2 4 9 5 . 7 8 0 4 0 7 8 2 1 0 3 . 9 9 0 8 5 0 3 3
4 7 1 0 . 1 3 8 4 6 1 5 4

2 1 . 2 9 0 . 0 0 0 1

B  V A L U E S T D  E R R O R TYPE I I SS F PROB>  F

I N T E R C E P T - 3 . 8 1 9 9 9 2 4 4SMNQ 2 . 0 3 0 5 4 6 7 2 0 . 4 4 0 0 3 4 4 0 2 2 1 4 . 3 5 8 0 5 3 7 2 2 1 . 2 9 0 . 0 0 0 1

T H E  A B O V E  M O D E L  I S

S T E P  2 V A R I A B L E

T H E  B E S T  1  V A R I A B L E  M O D E L  F O U N D .

S M N T  E N T E R E D R  S Q U A R E  = 0 . 5 3 5 7 6 3 4 0

DF S U M  O F  SQlJARES

C ( P ) = 2 5 . 8 3 8 0 8 4 1 7

M E A N  S Q U A R E F

1 2 6 1 . 7 5 9 9 0 8 6 3 1 3 . 2 7
9 5 . 0 7 0 3 7 5 8 4

PROB>  F

R E G R E S S I O N
ERROR
T O T A L

2 5 2 3 . 5 1 9 8 1 7 2 6
2 1 8 6 . 6 1 8 6 4 4 2 8
4 7 1 0 . 1 3 8 4 6 1 5 4

B  V A L U E S T D  E R R O R

I N T E R C E P T - 2 3 . 6 7 0 6 4 4 1 5
SMNQ 1 . 8 5 5 2 3 4 6 0
SMNT 2 . 5 4 6 2 8 8 2 1

T H E  A B O V E  M O D E L  I S  T H E  B E S T 2  V A R I A B L E  M O D E L  F O U N D .

S T E P  3 V A R I A B L E  D L  E N T E R E D R  S Q U A R E  =

D F

R E G R E S S I O N 3
ERROR
T O T A L

B  V A L U E S T D  E R R O R TYPE I I SS F PROB>F

I N T E R C E P T - 3 0 . 6 2 5 3 8 2 0 9
S M N Q  . 2 . 3 1 2 5 6 0 3 5
SMNT 4 . 1 5 5 4 7 0 0 3
D L - 7 . 3 5 3 0 4 2 8 2

0 . 4 7 4 4 9 3 2 5
1 . 5 8 2 6 5 5 3 9
3 . 8 6 3 8 7 2 4 9

2 0 2 7 . 1 7 0 4 1 9 1 9 2 3 . 7 5
5 8 8 . 3 5 0 4 1 2 4 1 6 . 8 9
3 0 9 . 0 7 0 1 7 2 9 2 3 . 6 2

0 . 0 0 0 1
0 . 0 1 5 4
0 . 0 7 0 2

__________---__----------------------- ----_--__------------ ---_--_-----____--_----------------- ------_-----_____-

T H E  A B O V E  M O D E L  I S  T H E  B E S T  3  V A R I A B L E  M O D E L  F O U N D .

0 . 4 3 1 8 2 3 4 9
1 . 4 1 2 0 0 8 3 9

0 . 6 0 1 3 8 1 4 7

S U M  O F  S Q U A R E S

2 8 3 2 . 5 8 9 9 9 0 1 8
1 8 7 7 . 5 4 8 4 7 1 3 6
4 7 1 0 . 1 3 8 4 6 1 5 4

TYPE I I SS F

1 7 5 4 . 8 1 1 0 1 0 7 7 1 8 . 4 6
3 0 9 . 1 6 1 7 6 3 5 4 3 . 2 5

C ( P )  = 2 1 . 3 5 9 0 4 6 4 8

MEAN SQUARE F

9 4 4 . 1 9 6 6 6 3 3 9 1 1 . 0 6
8 5 . 3 4 3 1 1 2 3 3

---.

0 . 0 0 0 1

PROB>  F

0 . 0 0 0 3
0 . 0 8 4 5

_-e---m

PROB>  F

0 . 0 0 0 1



M I G R A T I O N  R A T E S  F O R  WNITEBIRD  B R A N D E D
1 9 8 3 - 1 9 8 4  COMBINED(OBS=26)

C H I N O O K

M A X I M U M  R - S Q U A R E  I M P R O V E M E N T  F O R  D E P E N D E N T V A R I A B L E  R A T E

S T E P  4 V A R I A B L E  D A T E  E N T E R E D R  S Q U A R E  = 0 . 6 8 5 1 9 0 7 7 C ( P )  = 1 5 . 0 8 3 8 3 1 4 1

D F S U M  O F  S Q U A R E S M E A N  S Q U A R E F PROB>  F

: R E G R E S S I O N 4 3 2 2 7 . 3 4 3 3 9 0 1 8 8 0 6 . 8 3 5 8 4 7 5 4
ERROR

1 1 . 4 3
5:

0 . 0 0 0 1
1 4 8 2 . 7 9 5 0 7 1 3 6 7 0 . 6 0 9 2 8 9 1 1

T O T A L 4 7 1 0 . 1 3 8 4 6 1 5 4

B  V A L U E S T D  E R R O R TYPE I I SS F PROB>  F

I N T E R C E P T - 7 4 . 4 2 5 1 4 7 5 1
D A T E 3 . 6 8 4 3 9 6 4 3 1 . 5 5 8 2 3 9 9 4 3 9 4 . 7 5 3 4 0 0 0 0
SMNQ 1 . 6 1 1 7 8 7 2 7

5 . 5 9 0 . 0 2 7 8
0 . 5 2 3 5 5 9 1 7 6 6 9 . 1 8 4 2 7 2 6 5SMNT 4 . 0 6 5 1 7 5 0 4 9 . 4 81 . 4 4 0 0 7 7 2 8 0 . 0 0 5 75 6 2 . 6 6 3 4 9 6 0 1

D L - 7 7 . 3 5 1 6 4 3 7 8
7 . 7 7

2 9 . 8 1 2 3 6 1 3 7 4 7 5 . 3 4 4 1 7 8 6 7 6 . 7 3 :-:::;.
--_-----__-------------------------------------------------------------------------------------------------------

S T E P  4 S M N T  R E P L A C E D  B Y  SMNDISC R  S Q U A R E  = 0 . 7 0 2 6 6 0 1 2 C ( P )  = 1 3 . 3 5 8 9 3 1 9 2

D F S U M  O F  S Q U A R E S M E A N  S Q U A R E F PROB>  F

R E G R E S S I O NERROR

T O T A L

4

3:

B  V A L U E

3 3 0 9 . 6 2 6 4 4 0 2 51 4 0 0 . 5 1 2 0 2 1 2 9

4 7 1 0 . 1 3 8 4 6 1 5 4

S T D  E R R O R

8 2 7 . 4 0 6 6 1 0 0 6
6 6 . 6 9 1 0 4 8 6 3

TYPE I I SS

1 2 . 4 1 0 . 0 0 0 1

F PROB>F

I  NTFRCFPT -117 1lln5n13cI
-..--. . .“. . a.,#“.“.

D A T E 6 . 3 4 6 9 1 3 6 0 1 . 7 2 1 0 3 9 4 8SMNQ 9 0 7 . 0 0 7 8 5 8 6 83 . 3 6 1 5 8 5 0 6 1 3 . 6 0 0 . 0 0 1 40 . 7 9 3 8 0 7 8 3
1 1 9 5 . 9 8 2 9 7 7 7 7

SMND I SC 2 4 . 4 3 2 6 0 7 8 2
1 7 . 9 3

7 . 8 5 6 7 2 8 3 3
0 . 0 0 0 4

6 4 4 . 9 4 6 5 4 6 0 8D L - 1 3 3 . 5 9 3 0 5 5 6 1 3 4 . 6 7 3 4 9 9 0 4 9 . 6 7 0 . 0 0 5 3
9 9 0 . 0 1 0 8 9 1 6 0 1 4 . 8 4 0 . 0 0 0 9

THE  A B O V E  M O D E L  I S

S T E P  5 V A R I A B L E

T H E  B E S T  4  V A R I A B L E  M O D E L  F O U N D .

S H N T  E N T E R E D R  S Q U A R E  = 0 . 8 0 2 9 7 8 5 4

D F S U M  O F  S Q U A R E S

R E G R E S S I O N 5 3 7 8 2 . 1 4 0 0 9 1 6 8
ERROR 9 2 7 . 9 9 8 3 6 9 8 6
T O T A L 5; 4 7 1 0 . 1 3 8 4 6 1 5 4

B  V A L U E S T D  E R R O R

I N T E R C E P T - 1 3 2 . 7 6 5 4 5 0 8 8
D A T E 6 . 0 6 2 8 0 7 7 8 1 . 4 3 8 2 9 9 2 7
SMNQ 3 . 3 6 9 1 3 6 5 9 0 . 6 6 2 1 2 9 5 8
SMNT 3 . 7 3 7 5 5 6 2 7 1 . 1 7 1 2 2 1 8 6
SMND I SC 2 2 . 7 3 5 2 9 4 1 5 6 . 5 7 4 9 4 6 9 2
DL - 1 3 2 . 3 0 6 1 5 9 3 4 2 8 . 9 2 4 4 2 4 0 5

C ( P )  = 5 . 4 5 3 6 2 8 7 8

M E A N  S Q U A R E

7 5 6 . 4 2 8 0 1 8 3 4
4 6 . 3 9 9 9 1 8 4 9

F PROB>  F

1 6 . 3 0 0 . 0 0 0 1

TYPE I I SS F PROB>  F

8 2 4 . 4 5 3 7 5 0 3 3 1 7 . 7 7 0 . 0 0 0 4
1 2 0 1 . 3 4 7 0 3 2 3 7 :Ex 0 . 0 0 0 1

4 7 2 . 5 1 3 6 5 1 4 3 0 . 0 0 4 6
5 5 4 . 7 9 6 7 0 1 5 0 11:96 0 . 0 0 2 5
9 7 0 . 8 4 0 5 3 9 6 2 2 0 . 9 2 0 . 0 0 0 2__________--------__------------------------------------------------ -^-------------------------------------------

T H E  A B O V E  M O D E L  I S  T H E  B E S T  5  V A R I A B L E  M O D E L  F O U N D .
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3

M I G R A T I O N  R A T E S  F O R  WHITEBIRD  B R A N D E D  C H I N O O K  I N  1 9 8 4

M A X I M U M  R - S Q U A R E  I M P R O V E M E N T  F O R  D E P E N D E N T  V A R I A B L E  R A T E

S T E P  1 V A R I A B L E  S M N Q  E N T E R E D R  S Q U A R E  = 0 . 6 6 1 2 6 5 0 0 C ( P )  = 7 7 . 8 2 0 7 9 5 0 5

DF S U M  O F  S Q U A R E S M E A N  S Q U A R E F PROB>  F

R E G R E S S I O N 1 : 2 7 8 8 . 7 4 2 7 7 1 7 3 2 7 8 8 . 7 4 2 7 7 1 7 3 2 9 . 2 8 0 . 0 0 0 1
ERROR 1 4 2 8 . 5 4 1 9 3 4 1 5 9 5 . 2 3 6 1 2 8 9 4 *
T O T A L 1 6 4 2 1 7 . 2 8 4 7 0 5 8 8

B  V A L U E S T D  E R R O R TYPE I I SS F PROB>  F

I N T E R C E P T - 1 9 . 7 8 8 9 8 3 3 4
SMNQ 3 . 3 6 3 1 0 8 2 5 0 . 6 2 1 4 9 4 7 8 2 7 8 8 . 7 4 2 7 7 1 7 3 2 9 . 2 8 0 . 0 0 0 1

--___-__--__-----_-----------------------------------------------------------------------------------------------

T H E  A B O V E  M O D E L  I S  T H E  B E S T  1  V A R I A B L E  M O D E L  F O U N D .

S T E P  2 V A R I A B L E  S M N T  E N T E R E D R S Q U A R E  = 0 . 7 4 4 8 1 1 5 0 C(P)  = 5 7 . 4 2 0 5 1 1 7 3

D F S U M  O F  S Q U A R E S M E A N  S Q U A R E F PROB>  F

3 1 4 1 . 0 8 2 1 6 7 6 4 1 5 7 0 . 5 4 1 0 8 3 8 2 2 0 . 4 3 0 . 0 0 0 1
1 0 7 6 . 2 0 2 5 3 8 2 4 7 6 . 8 7 1 6 0 9 8 7
4 2 1 7 . 2 0 4 7 0 5 8 8

B  V A L U E S T D  E R R O R TYPE I I SS F PROB>F

I N T E R C E P T - 5 1 . 3 6 2 9 1 1 3 6
SMNQ 2 . 6 7 8 3 1 9 9 8 0 . 6 4 3 4 9 3 0 8 1 3 3 1 . 6 8 9 9 8 9 5 4 1 7 . 3 2 0 . 0 0 1 0
SMNT 4 . 8 8 7 5 8 3 4 1 2 . 2 8 2 9 5 0 8 8 3 5 2 . 3 3 9 3 9 5 9 1 4 . 5 8 0 . 0 5 0 4

---_--------_----------------------------------------------------------------------------------------------------

S T E P  2 S M N Q  R E P L A C E 0  B Y  SMNDISC R S Q U A R E  = 0 . 8 5 9 6 1 1 9 8 C ( P )  = 2 6 . 6 4 0 4 9 1 4 8

D F S U M  O F  S Q U A R E S M E A N  S Q U A R E F PROB>  F

R E G R E S S I O N 2 3 6 2 5 . 2 2 8 4 4 3 0 5 1 8 1 2 . 6 1 4 2 2 1 5 2 4 2 . 8 6 0 . 0 0 0 1
ERROR 1 4 5 9 2 . 0 5 6 2 6 2 8 4 4 2 . 2 8 9 7 3 3 0 6
T O T A L 1 6 4 2 1 7 . 2 8 4 7 0 5 8 8

B  V A L U E S T D  E R R O R TYPE I I SS F PROB>  F

I N T E R C E P T - 3 8 . 1 4 8 4 6 1 0 8
SMNT 1 1 . 6 8 9 9 0 0 8 3 1 . 5 0 3 1 5 8 7 2 2 5 5 7 . 6 8 4 1 7 3 9 0 6 0 . 4 8 0 . 0 0 0 1
SMNO I SC - 4 3 . 2 5 1 3 4 4 5 8 6 . 6 0 0 5 2 8 9 8 1 8 1 5 . 8 3 6 2 6 4 9 4 4 2 . 9 4 0 . 0 0 0 1

---__------------------------------------------------------------------------------------------------------------

T H E  A B O V E  M O D E L  I S  T H E  B E S T  2  V A R I A B L E  M O D E L  F O U N D .



M I G R A T I O N  R A T E S  FOR  W H I T E B I R D  B R A N D E D  C H I N O O K  I N  1 9 8 4

M A X I M U M  R - S Q U A R E  I M P R O V E M E N T  F O R  D E P E N D E N T  V A R I A B L E  R A T E

S T E P  3 V A R I A B L E  S M N Q  E N T E R E D R  S Q U A R E  = 0 . 9 0 9 7 7 7 4 4 C ( P )  = 1 5 . 1 9 0 2 5 0 7 2

D F S U M  O F  S Q U A R E S MEAN SQUARE F PROB>  F

R E G R E S S I O N 3 3 8 3 6 . 7 9 0 4 8 6 1 4 1 2 7 8 . 9 3 0 1 6 2 0 5 4 3 . 7 0 0 . 0 0 0 1
ERROR 1 3 3 8 0 . 4 9 4 2 1 9 7 5 2 9 . 2 6 8 7 8 6 1 3
T O T A L 1 6 4 2 1 7 . 2 8 4 7 0 5 8 8

B  V A L U E S T D  E R R O R TYPE I I SS F PROB>F

I N T E R C E P T - 3 9 . 6 5 8 1 8 4 8 6
SMNQ 1 . 3 0 7 9 3 5 8 9 0 . 4 8 6 4 8 5 5 4 2 1 1 . 5 6 2 0 4 3 0 9 7 . 2 3 0 . 0 1 8 6
SMNT 8 . 8 8 1 0 0 7 1 9 1 . 6 2 9 5 1 7 8 3 8 6 9 . 3 8 2 5 5 0 7 2 2 9 . 7 0 0 . 0 0 0 1
S M N D I S C - 3 2 . 8 0 0 5 8 2 4 4 6 . 7 2 7 7 5 7 2 5 6 9 5 . 7 0 8 3 1 8 4 9 2 3 . 7 7 0 . 0 0 0 3

__--_---_-----__---_------------------ ____________________-------------------------------------------------------

S T E P  3 S M N D I S C  R E P L A C E D  B Y  D L

R E G R E S S I O N
ERROR
T O T A L

I N T E R C E P T
SMNQ
SMNT
D L

R SQUARE = 0 . 9 3 0 4 4 9 7 6 C ( P ) = 9 . 6 4 7 6 3 9 2 9

DF S U M  O F  S Q U A R E S M E A N  S Q U A R E F PROB>  F

3 3 9 2 3 . 9 7 1 5 4 2 4 7 1 3 0 7 . 9 9 0 5 1 4 1 6 5 7 . 9 7 0 . 0 0 0 1
1 3 2 9 3 . 3 1 3 1 6 3 4 1 2 2 . 5 6 2 5 5 1 0 3
1 6 4 2 1 7 . 2 8 4 7 0 5 8 8

B VAILUE

- 7 5 . 0 1 0 9 2 3 4 0
3 . 4 9 9 8 8 3 7 8
9 . 0 5 3 0 3 4 8 6

- 1 2 . 8 0 6 7 5 6 7 5

S T D  E R R O R

0 . 3 7 5 4 8 5 9 4
1 . 4 2 4 7 0 3 5 9
2 . 1 7 4 1 1 7 7 5

TYPE I I SS

1 9 6 0 . 2 3 4 8 1 9 0 2
9 1 1 . 0 1 9 2 3 6 3 3
7 8 2 . 8 8 9 3 7 4 8 3

F PROB>F

8 6 . 8 8 0 . 0 0 0 1
4 0 . 3 8 0 . 0 0 0 1
3 4 . 7 0 0 . 0 0 0 1

T H E  A B O V E  M O D E L  I S  T H E  B E S T  3  V A R I A B L E  M O D E L  F O U N D .

S T E P  4 V A R I A B L E  D A T E  E N T E R E D R  S Q U A R E  = 0 . 9 6 1 4 3 2 9 8

D F S U M  O F  S Q U A R E S

R E G R E S S I O N 4 4 0 5 4 . 6 3 6 6 0 6 7 2
ERROR 1 2 1 6 2 . 6 4 8 0 9 9 1 6
T O T A L 1 6 4 2 1 7 . 2 8 4 7 0 5 8 8

B  V A L U E S T D  E R R O R

I N T E R C E P T - 1 0 3 . 7 7 8 1 5 8 4 1
D A T E 2 . 9 6 2 9 6 7 9 4 0 . 9 5 4 2 9  1 5 6
SMNQ 3 . 0 2 5 9 5 5 2 7 0 . 3 2 8 6 2 6 0 4
SMNT 7 . 9 1 9 9 4 1 4 3 1 . 1 6 2 9 8 3 5 7
D L - 6 9 . 0 7 4 7 9 1 1 0 18.20D58107

C ( P ) = 3.34049427

M E A N  S Q U A R E F PROB>  F

1 0 1 3 . 6 5 9 1 5 1 6 8 7 4 . 7 9 0 . 0 0 0 1
1 3 . 5 5 4 0 0 8 2 6

TYPE I I SS F PROB>  F

1 3 0 . 6 6 5 0 6 ’ 1 2 5 9 . 6 4 0 . 0 0 9 1
1 1 4 9 . 1 7 6 3 8 6 6 4 8 4 . 7 8 0 . 0 0 0 1

6 2 8 . 5 8 5 7 4 6 6 2 4 6 . 3 8 0 . 0 0 0 1
1 9 5 . 2 2 5 4 3 5 1 6 1 4 . 4 0 0 . 0 0 2 6_____--_____________------------------------------------- ______-______-______------------------------------------

T H E  A B O V E  M O D E L  I S  T H E  B E S T  4  V A R I A B L E  M O D E L  F O U N D .



M I G R A T I O N  R A T E S  F O R  WtIITEBIRD  B R A N D E D  CIIINDOK  I N  1 9 8 4

M A X I M U M  R - S Q U A R E  IMPRDVEMENT  F O R  D E P E N D E N T  V A R I A B L E  R A T E

S T E P  5 V A R I A B L E  S N K Q  E N T E R E D R  S Q U A R E  = O.Y6270035 C ( P )  = 5 . 0 0 0 6 8 9 3 2

D F S U M  O F  SQIJARES M C A N  SQIJARE

REGRESS I ON 5 4059.9a147973 8 1 1 . 9 9 6 2 9 5 9 5
ERROR 11 1 5 7 . 3 0 3 2 2 6 1 6 l’l.30029329
lOTAL 1 6 4 2  1 7 . 2 8 4 7 0 5 8 8

B  V A L U E SlD  E R R O R

I N T E R C E P T - 9 8 . 8 0 8 7 1 0 6 1
D A T E 2 . 9 4 7 6 7 4 6 5 0 . 9 0 0 5 3 0 3 9
SMNQ 3.13327810 0 . 3 8 0 4 7 2 0 1
SMNT 8 . 4 6 6 9 1 8 2 5 1 . 4 9 2 4 7 1 7 4
SNKQ - 0 . 1 2 8 2 5 1 8 2 0 . 2 0 9 7 8 1 5 6
D L - 6 8 . 1 4 1 3 6 9 8 2 1 8 . 7 5 7 1 7 2 8 6

----_-----_------------------------------------------------------------

7tlE AOOVE  M O D E L  I S  TIIE  B E S T  5  V A R I A B L E  M O D E L  F O U N D .

S1i.P  6 VAR I ABLE SMND I SC ENTERED R  S Q U A R E  = 0 . 9 6 2 7 0 2 9 3

D F S U M  O F  S Q U A R E S

R E G R E S S I O N 6 4 0 5 9 . 9 9 2 3 2 2 2 0
ERROR 10 1 5 7 . 2 9 2 3 8 3 6 8
T O T A L 1 6 4 2 1 7 . 2 8 4 7 0 5 8 8

B  V A L U E S T D  E R R O R

I N T E R C E P T - 9 8 . 3 3 4 8 3 4  1 4
DAIE 2 . 9 3 5 0 4 5 9 2 1 . 1 3 5 2 8 6 8 7
SMNQ 3 . 1 1 1 9 7 1 9 3 0. 7 0 6 4 6 5 5 1
SMN I 8 . 4 8 4 3 9 4 3 8 1 . 7 0 0 9  1 6 6 4
SI,:ND  I SC - 0 . 3 0 0 8 7 5 2 8 1  1 . 4 5 9 7 7 5 6 7
SNKQ -0.i300023a 0 . 2 2 9 0 9 4 3 5
DI. - 6 7 . 7 9 6 3 1 9 1 5 2 3 . 6 5 8 1 6 8 5 4

TYPE I I SS r PROU>F

1 2 9 . 2 3 5 5 2 7 1 7
9 6 9 . 8 3 3 9 9 3 1 4
4 6 0 . 2 3 9 0 2 8 9 5

5 .  3 4 4 8 ’ 7 3 0 1
1 8 0 . 7 2 6 0 7 2 7 0

.----_-------______-____

C(P) = 7 . 0 0 0 0 0 0 0 0

M E A N  S Q U A R E

6 7 6 . 6 6 5 3 8 7 0 3
1 5 .  7 2 9 2 3 8 3 7

TYPF I I SS F PROB>  F

1 0 5 .  12Y90366 6 . 6 8 0 . 0 2 7 2
3 0 6 . 3 0 6 8 8 6 6 1 1 9 . 4 8 0 . 0 0 1 3
3 9 1 . 3 6 6 2 1 1 5 2 2 4 . 8 8 0 . 0 0 0 5

O.olUB’1240 U.OD 0 . 9 7 9 6
5.02903455 0 . 3 2 0 . 5 8 4 2

1 2 9 .  1 6 8 8 1 7 0 4 8 . 2 1 0 . 0 1 6 8

F

5 6 . 7 8

PROB>  F

0 . 0 0 0 1

9 . 0 4 0 . 0 1 1 9
6 7 . 8 2 0 . 0 0 0 1
3 2 . 1 0 0 . 0 0 0 1

0 . 3 7 0 . 5 5 3 4
1 3 . 2 0 0 . 0 0 3 9
---^-__ ---_-__

F PROB>F

4 3 . 0 2 0 . 0 0 0 1

TIIE  ABOVE  MDDCL.  I S  TIIE  B E S T  6  VARIAB1.E  M O D E L  F O U N D .


